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A bbas,  C haouki A . ,
M .S . ,  Summer S e s s i o n ,  1979 M ic ro b io lo g y
F a t t y  A cid C o m p o si t io n  and L ip id  P h ase  T r a n s i t i o n s  o f  Y e r s i n i a  e n t e r o -  
c o l i t l c a  (53 p p . )
Director: George L. Card
The r e l a t i o n s h i p  b e tw e e n  t h e  membrane l i p i d  c o m p o s i t io n  and  membrane 
p h a s e  t r a n s i t i o n s  w e re  s t u d i e d  i n  Y e r s i n i a  e n t e r o c o l i t i c a  grown a t  5 C,
22 C, and 37 C. The r e s u l t s  i n d i c a t e d  t h a t  t h e  c o n c e n t r a t i o n s  o f  t h e  
m a jo r  p h o s p h o l ip id  g ro u p s  t h a t  w ere  d e t e c t e d  d i d  n o t  ch an g e  i n  r e s p o n s e  
t o  c h a n g e s  i n  g row th  t e m p e r a t u r e .  The f a t t y  a c i d  c o m p o s i t io n ,  a n a ly z e d  
by g a s - l i q u i d  c h ro m a to g rap h y  (GLC), i n d i c a t e d  t h a t  t h i s  o rg a n is m  a l t e r e d  
i t s  f a t t y  a c i d  c o m p o s i t io n  i n  r e s p o n s e  t o  t e m p e r a tu r e  c h a n g e s  i n  a 
p a t t e r n  s i m i l a r  to  t h a t  o b s e r v e d  in  o t h e r  o rg a n is m s .  D i f f e r e n t i a l  
s c a n n in g  c a l o r i m e t r y  (DSC) a n a l y s i s  o f  d i s p e r s i o n s  o f  t o t a l  l i p i d  
e x t r a c t i o n s  and c e l l  membrane p r e p a r a t i o n s  o f  Y. e n t e r o c o l i t i c a  showed a 
r e v e r s i b l e  t h e r m o t r o p i c  g e l  to  l i q u i d - c r y s t a l l i n e  p h ase  t r a n s i t i o n .  The 
p h a s e  t r a n s i t i o n s  i n  c e l l  membrane p r e p a r a t i o n s  from c e l l s  grown a t  5 C, 
22°C , and 37°C o c c u r r e d  from -2 9  C to  8°C; w h e re a s  t h e  t r a n s i t i o n s  
d e t e c t e d  i n  d i s p e r s i o n s  o f  t h e  t o t a l  l i p i d s  e x t r a c t e d  from  t h e  same 
c u l t u r e s  o c c u r r e d  o v e r  a n a r ro w e r  r a n g e  ( - 1 8  C to  8 ° C ) . A l l  o f  t h e  
p h a s e  t r a n s i t i o n s  o c c u r r e d  a t  a  t e m p e r a tu r e  w e l l  below  t h e  g ro w th  temp­
e r a t u r e .  T h is  s u g g e s t e d  t h a t  t h e  a l t e r a t i o n s  i n  t h e  f a t t y  a c i d  compos­
i t i o n  i n  Y. e n t e r o c o l i t i c a  w ere  n o t  r e q u i r e d  t o  a d j u s t  membrane f l u i d i t y  
i n  t h i s  o rg a n is m ,  b u t  m ig h t  r a t h e r  b e  r e q u i r e d  f o r  some o t h e r  membrane 
f u n c t i o n .
I l l
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CHAPTER I
INTRODUCTION
B i o l o g i c a l  membranes h av e  b een  th e  s u b j e c t  o f  num erous i n v e s t i g ­
a t i o n s  w hich  h av e  y i e l d e d  a  w e a l th  o f  i n f o r m a t i o n  on t h e i r  s t r u c t u r e  and 
f u n c t i o n .  The m ost  w id e ly  a c c e p t e d  t h e o r y  to  a c c o u n t  f o r  t h e  s t r u c t u r a l  
and f u n c t i o n a l  p r o p e r t i e s  o f  b i o l o g i c a l  membranes i s  S i n g e r ' s  f l u i d -  
m o sa ic  m odel (4 1 ,  72 , 7 3 ) .  T h is  model d e p i c t s  t h e  a r r a n g e m e n t  o f  t h e  
p h o s p h o l ip d s  i n  a b i l a y e r  w i t h i n  w hich  th e  p r o t e i n s  a r e  embedded (4 1 ,
7 3 ,  7 4 ) .  The a r r a n g e m e n t  o f  t h e  l i p i d s  i n  a b i l a y e r  s t r u c t u r e  m ax im izes  
b o t h  h y d ro p h o b ic  and  h y d r o p h i l i c  i n t e r a c t i o n s  and a s  su ch  i s  c o m p a t ib le  
w i t h  therm odynam ic p r e d i c t i o n s  (4 1 ,  72 , 7 3 ) .
A seco n d  a s p e c t  o f  t h e  model p r e d i c t s  t h a t  t h e  m o sa ic  o f  l i p i d s  and 
p r o t e i n s  i s  a  f l u i d  o r  dynam ic one  ( 7 3 ) .  U sing  S i n g e r ' s  w o rd s ,  t h e  b e s t  
way t o  i l l u s t r a t e  t h i s  f l u i d - m o s a i c  i s  a s  a  "two d im e n s io n a l  o r i e n t e d  
v i s c o u s  s o l u t i o n "  (7 3 ) .
A lm ost a l l  o rg a n is m s  th u s  f a r  s t u d i e d  r e q u i r e  a f l u i d  membrane f o r  
g ro w th  (4 6 ,  7 3 ) .  The f l u i d i t y  o f  biom em branes h a s  b een  c o r r e l a t e d  w i th  
th e  b e h a v io r  o f  t h e i r  c o n s t i t u e n t  l i p i d s .  The membrane p r o t e i n s  do n o t  
seem t o  b e  i n v o lv e d  i n  t h i s  phenomenon ( 7 3 ) .  E v id en c e  f o r  t h i s  i s  
s u b s t a n t i a l  and  i s  s u p p o r t e d  by s t u d i e s  of th e  b e h a v io r  o f  a r t i f i c i a l  
p h o s p h o l i p id  b i l a y e r s  su sp en d e d  i n  an  aqueous  e n v i ro n m e n t  u s i n g  a  
v a r i e t y  o f  p ro b e s  (4 1 ,  7 3 ) .
O rgan ism s  r e g u l a t e  t h e  f l u i d i t y  o f  t h e i r  membranes by a  v a r i e t y  o f  
m echan ism s. The f i r s t  mechanism  i n v o l v e s  t h e  i n c o r p o r a t i o n  o f  s t e r o l s  
i n t o  t h e  l i p i d  b i l a y e r  (6 5 ,  6 6 ) .  S in c e  t h e r e  a r e  s e v e r a l  p ro p o s e d  ways
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i n  w hich  s t e r o l s  i n t e r a c t  w i t h  l i p i d  l a y e r s ,  t h e  e x a c t  n a t u r e  o f  su ch  
i n t e r a c t i o n s  a r e  a t  b e s t  s p e c u l a t i v e  ( 1 8 ) .  C h o l e s t e r o l ,  f o r  i n s t a n c e ,  
h a s  b een  shown to  lo w er  t h e  h y d ro c a rb o n  c h a in  m o b i l i t y  i n  a number o f  
a r t i f i c i a l  and n a t u r a l  membranes (4 4 ,  48 ,  5 9 ) .  I t  h a s  a l s o  b ee n  o b s e r v e d  
t o  e x h i b i t  a  c o n d e n s in g  e f f e c t  on l i p i d s  i n  t h e  l i q u i d - c r y s t a l l i n e  s t a t e  
and a l i q u e f y i n g  e f f e c t  on l i p i d s  i n  t h e  c r y s t a l l i n e  s t a t e  ( 1 8 ) .  T hese  
e f f e c t s  would s e r v e  to  m a i n t a i n  t h e  l i p i d  b i l a y e r  i n  a n  i n t e r m e d i a t e  
g e l  o r  f l u i d  s t a t e  ( 1 8 ) .  O th e r  s t e r o l s  a r e  b e l i e v e d  t o  i n t e r a c t  w i t h  
l i p i d s  i n  a s i m i l a r  f a s h i o n .  S in c e  s t e r o l s  a r e  n o t  common i n  b a c t e r i a ,  
t h i s  mechanism  i s  n o t  b e l i e v e d  t o  be in v o lv e d  i n  r e g u l a t i n g  membrane 
f l u i d i t y  i n  t h e  m a j o r i t y  o f  t h e s e  o rg a n is m s  (1 5 ,  18, 6 3 ) .
A second p o s s i b l e  mechanism  by w hich o rg a n is m s  m a i n t a i n  t h e  f l u i d i t y  
o f  t h e i r  membranes i n v o l v e s  t h e  a l t e r a t i o n  o f  h ead  g ro u p s  o f  t h e i r  
c o n s t i t u e n t  p h o s p h o l i p i d s  (1 4 ,  2 1 ,  4 8 ,  5 9 ) .  Changes i n  p h o s p h o l i p id  
h ead  g ro u p s  i n  a r t i f i c i a l  l i p i d  b i l a y e r s  r e s u l t e d  i n  ch a n g e s  i n  th e  
t e m p e r a tu r e  a t  w hich  t h e s e  b i l a y e r s  w ere f l u i d  (1 3 ,  14 , 38, 4 7 ,  80 , 8 2 ) .
So f a r  t h e r e  i s  no s u p p o r t  f o r  t h i s  mechanism i n  l i p i d  b i l a y e r s  
p r e p a r e d  from b a c t e r i a l  membranes. T h i s  i s  due t o  t h e  d i f f i c u l t y  i n  
d e m o n s t r a t i n g  t h e  d i r e c t  in v o lv e m e n t  o f  p h o s p h o l ip id  h ead  g ro u p s  i n  
r e g u l a t i n g  membrane f l u i d i t y .  For ex am ple ,  a l l  th e  t h e  a v a i l a b l e  
i n f o r m a t i o n  on e u c a r y o t i c  c e l l s  i n d i c a t e s  t h a t  ch a n g es  i n  h ead  g roup  
c o m p o s i t io n s  a r e  r e a d i l y  t o l e r a t e d  ( 1 5 ) .
S tu d i e s  o f  E s c h e r i c h i a  c o l i  m u ta n t s  d e f e c t i v e  i n  p h o s p h o l i p id  head  
g ro u p  s y n t h e s i s  h a v e  a l s o  c o n f i rm e d  t h a t  ch a n g es  i n  p o l a r  p h o s p h o l i p id  
head  g ro u p s  do n o t  e f f e c t  t h e  n o rm al g row th  o f  t h i s  o rg a n is m .  A number 
o f  E. c o l i  m u ta n t s  d e f e c t i v e  i n  th e  s y n t h e s i s  o f  p h o s p h a t i d y l e t h a n ­
o la m in e  ( t h e  m a jo r  p h o s p h o l i p id  component i n  E. c o l i ) c a n  grow f o r
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s e v e r a l  g e n e r a t i o n s  w i t h o u t  any  g row th  im p a irm e n t  ( 1 5 ) .  O th e r  s t u d i e s  
s u g g e s t  t h a t  t h e  s y n t h e s i s  o f  t h e  p h o s p h o l i p i d ,  p h o s p h a t i d y l g l y c e r o l ,  i s  
o f  g r e a t e r  im p o r ta n c e  f o r  t h e  n o rm al g row th  o f  E. c o l i  ( 1 5 ) .  T h is  i s  
u n u s u a l  s i n c e  p h o s p h a t i d y l g l y c e r o l  makes up a  much lo w er  p e r c e n t a g e  o f  
th e  t o t a l  p h o s p h o l i p id  c o m p o s i t io n  i n  c o l i  th a n  p h o s p h a t i d y l e t h ­
an o lam in e  (15) .
A l l  o f  t h e s e  s t u d i e s  p o i n t  to  t h e  a b i l i t y  o f  an o rg a n is m  t o  grow 
u n im p a ire d  i n  s p i t e  o f  ch a n g es  i n  i t s  membrane p h o s p h o l i p id  com p o n en ts .  
Thus th e  im p o r ta n c e  o f  t h e  head  g ro u p s  o f  p h o s p h o l i p id s  i n  r e g u l a t i n g  
membrane f l u i d i t y  i s  l a r g e l y  s p e c u l a t i v e  a t  t h i s  p o i n t  and n e e d s  f u r t h e r  
i n v e s t i g a t i o n  (1 4 ) .
A t h i r d  mechanism  b e l i e v e d  to  be  employed by o rg a n ism s  t o  r e g u l a t e  
membrane f l u i d i t y  i n v o l v e s  ch a n g es  in  t h e  f a t t y  a c id  c o m p o s i t io n  o f  t h e  
a c y l  g roup  o f  t h e  membrane l i p i d s .  T h is  mechanism  h a s  b een  d e m o n s t r a te d  
i n  a number o f  o rg a n is m s  (2 4 ,  4 2 ,  4 4 ,  45 , 46 ,  57, 6 9 ) .  A l l  o f  t h e  
o rg a n ism s  t h u s  f a r  s t u d i e d  seem to  a l t e r  t h e i r  f a t t y  a c i d  c o m p o s i t io n  in  
a  c h a r a c t e r i s t i c  f a s h i o n  i n  r e s p o n s e  to  ch a n g es  i n  t h e  g row th  temp­
e r a t u r e  (4 6 ,  5 7 ) .  Changes i n  t h e  f a t t y  a c i d  c o m p o s i t io n  may in v o l v e  th e  
l e n g t h  o f  t h e  h y d ro c a rb o n  c h a i n ,  t h e  d e g r e e  o f  u n s a t u r a t i o n ,  and th e  
e x t e n t  o f  b r a n c h in g  (1 4 ,  25 ,  3 0 ,  4 6 ,  5 9 ) .
The f o l l o w i n g  o v e r a l l  p a t t e r n  h a s  em erged: a t  low t e m p e r a t u r e s ,
o rg a n ism s  i n c o r p o r a t e  p r i m a r i l y  b ra n c h e d  c h a in ,  s h o r t  c h a i n ,  a n d / o r  
u n s a t u r a t e d  f a t t y  a c i d s  i n t o  t h e i r  p h o s p h o l i p i d s ;  w h e rea s  a t  h ig h  
t e m p e r a t u r e s ,  o rg a n is m s  i n c o r p o r a t e  p r i m a r i l y  lo n g  c h a i n  s a t u r a t e d  f a t t y  
a c i d s  i n t o  t h e i r  p h o s p h o l i p id s  (4 6 ,  7 1 ) .
In  g e n e r a l ,  t h e  above  f a t t y  a c i d s  d i f f e r  in  one im p o r t a n t  p h y s i c a l
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p r o p e r t y  -  t h e y  h av e  d i f f e r e n t  m e l t i n g  p o i n t s .  S in c e  many f u n c t i o n s  a r e  
c l o s e l y  a s s o c i a t e d  w i t h  t h e  p h y s i c a l  s t a t e  o f  l i p i d s  i n  m em branes, t h e s e  
m o d i f i c a t i o n s  i n  t h e  f a t t y  a c i d  c o m p o s i t io n  a r e  c o n s i d e r e d  t o  b e  a 
r e q u i r e m e n t  t o  m a i n t a i n  membrane f u n c t i o n s  p r o p e r l y  a f t e r  t h e  s h i f t  i n  
t h e  g ro w th  t e m p e r a t u r e  (2 4 ,  4 6 ,  5 7 ) .  T h is  p a t t e r n  was f i r s t  d e t e c t e d  i n  
c o l i  by M arr and Ingraham  and l a t e r  c o n f i rm e d  by s e v e r a l  o t h e r
w o rk e rs  (3 3 ,  39 ,  4 2 ,  69 , 7 0 ) .  I t  was d e s i g n a t e d  a s  "h o m eo v isco u s
a d a p t a t i o n "  by S in e n sk y  ( 7 1 ) .
The a r r a n g e m e n t  o f  t h e  l i p i d s  i n  b iom em branes h a s  b ee n  i n v e s t i g a t e d  
by a v a r i e t y  o f  c h e m ic a l  and p h y s i c a l  p ro b e s  (1 ,  3 ,  22, 23 , 26, 27 , 8 4 ) .
T h ese  p ro b e s  h av e  p ro v id e d  m a jo r  s u p p o r t  f o r  t h e  b i l a y e r  a r r a n g e m e n t  o f
l i p i d s  (1 4 ,  4 1 ,  7 3 ) .  The e v id e n c e  comes from  s t u d i e s  o f  t h e  s t r u c t u r e  
o f  th e  l i p i d  i n  i s o l a t e d  aq u eo u s  d i s p e r s i o n s  by d i f f e r e n t i a l  s c a n n in g  
c a l o r i m e t r y  (DSC), X -ray  d i f f r a c t i o n ,  e l e c t r o n  s p i n  r e s o n a n c e  t e c h n i q u e s  
(ESR), and s p e c t r o s c o p i c  m o n i to r in g  o f  f l u o r e s c e n t  p ro b e s  (1 ,  1 4 ,  22,
26 , 4 1 ,  4 7 ,  68 ,  73, 77 , 79 , 8 4 ) .  T hese  s t u d i e s  h a v e  d e m o n s t r a te d  t h a t  
m ost  membrane l i p i d s  and p u re  p h o s p h o l ip id  v e s i c l e s  su sp en d e d  i n  w a te r  
u n d erg o  a  r e v e r s i b l e ,  t h e r m o t r o p i c  g e l  to  a l i q u i d - c r y s t a l l i n e  p h ase  
t r a n s i t i o n  ( 2 ,  5 ,  14 , 17, 35, 36 ,  4 1 ,  4 5 ,  46 ,  4 7 ,  59, 76 , 77 , 8 1 ) .  T h is  
u n iq u e  p r o p e r t y  o f  l i p i d s  s u p p o r t s  th e  e x i s t e n c e  o f  t h e  l i p i d s  i n  a 
b i l a y e r  s t r u c t u r e  and i s  th o u g h t  to  r e p r e s e n t  t h e  c o o p e r a t i v e  m e l t i n g  o f  
t h e  h y d ro c a rb o n  c h a in s  i n  t h e  i n t e r i o r  o f  t h e  b i l a y e r s  (2 ,  5 , 4 7 ,  7 6 ) .
The e x i s t e n c e  o f  p h ase  t r a n s i t i o n s  i n  p h o s p h o l ip id  b i l a y e r s  h as  
a l s o  b een  s t u d i e d  and co n f i rm e d  by i n f r a r e d  ( I R ) , l a s e r -R a m a n  (NMR), and 
p o l a r i z e d  l i g h t  m ic ro s c o p y  (14 ,  41 , 59, 7 3 ) .  These  p ro b e s  h av e  a l s o  
b een  u s e f u l  i n  s t u d y i n g  membrane and e x t r a c t e d  l i p i d  p r e p a r a t i o n s  from
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b a c t e r i a l  c e l l s .
Of t h e  a b o v e - l i s t e d  p r o b e s ,  DSC r e p r e s e n t s  a n  exam ple  o f  a  p h y s i c a l  
p ro b e  t h a t  h a s  b e e n  s u c c e s s f u l l y  a d a p te d  to  s tu d y i n g  a  v a r i e t y  o f  
b i o l o g i c a l  p ro b lem s  (4 1 ,  77, 7 8 ) .  The a d a p t a t i o n  o f  DSC t o  t h e  s t u d y  o f  
b iom em branes and  m ore s p e c i f i c a l l y  b a c t e r i a l  membranes i s  o f  p a r t i c u l a r  
i n t e r e s t .  When u s e d  i n  c o n j u c t i o n  w i t h  o t h e r  more com plex membrane 
p r o b e s  (ex am p les  -  X -ray  d i f f r a c t i o n ,  f l u o r e s c e n c e  p r o b e s ,  s p i n  l a b e l  
s t u d i e s ) , DSC can  y i e l d  v a l u a b l e  i n f o r m a t i o n  a t  t h e  m a c ro m o le c u la r  l e v e l  
n o t  o b t a i n e d  by o t h e r  p ro b e s  (41 ,  7 7 ) .
The p r i n c i p l e  and i n s t r u m e n t a t i o n  o f  DSC a r e  r e l a t i v e l y  s im p le  and  
f i n d  t h e i r  r o o t s  i n  t h e  p i o n e e r i n g  e f f o r t s  o f  t h e  1 9 th  c e n t u r y  F re n c h  
s c i e n t i s t .  Le C h a t e l i e r  ( 7 8 ) .  The b a s i c  com ponents  o f  a  d i f f e r e n t i a l  
s c a n n in g  c a l o r i m e t e r  a r e  two c e l l s ;  one c o n t a i n i n g  th e  sam p le  and  t h e  
o t h e r  a n  i n e r t  m a t e r i a l  t h a t  s e r v e s  a s  t h e  r e f e r e n c e  (4 1 ,  78) . Each 
c e l l  h a s  i t s  own t e m p e r a t u r e  s e n s o r  and i t s  own h e a t i n g  e le m e n t  (4 1 ,
7 8 ) .  The h e a t i n g  e le m e n ts  c a n  p r o v id e  h e a t  a t  a  programmed r a t e  such  
t h a t  t h e  t e m p e r a t u r e  d i f f e r e n c e  be tw een  t h e  two c e l l s  i s  z e r o  (4 1 ,  7 8 ) .  
In  o r d e r  t o  s t a r t  a s c a n ,  a r e f e r e n c e  and a  sam ple  w hich  h a v e  s i m i l a r  
h e a t  c a p a c i t i e s  a r e  s u p p l i e d  w i t h  h e a t  a t  t h e  same r a t e  (4 1 ,  7 8 ) .  When 
a  t h e r m a l l y  i n i t i a t e d  p r o c e s s  o c c u r s  i n  t h e  sam ple  c e l l ,  t h e  c o n t r o l  
sy s tem  r e s p o n d s  by d e c r e a s i n g  o r  i n c r e a s i n g  i t s  h e a t  s u p p ly  t o  t h e  
sam p le  c e l l  so  t h a t  i t s  t e m p e r a t u r e  i s  k e p t  e q u a l  to  t h a t  o f  t h e  r e f ­
e r e n c e .  I f  t h e  amount o f  h e a t  s u p p l i e d  to  t h e  sam ple  c e l l  i s  g r e a t e r  
th a n  t h a t  s u p p l i e d  t o  t h e  r e f e r e n c e  c e l l ,  t h e  e v e n t  i s  r e c o r d e d  by t h e  
DSC pen  on a  c h a r t  a s  an  en d o th e rm .  I f  t h e  amount o f  h e a t  s u p p l i e d  t o  
t h e  sam ple  c e l l  i s  l e s s  t h a n  t h a t  s u p p l i e d  to  t h e  r e f e r e n c e ,  t h e n  t h e
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e v e n t  i s  r e c o r d e d  a s  an  e x o th e rm .  I n  t h e  e v e n t  t h a t  t h e  r e f e r e n c e  and 
t h e  c o n t r o l  c e l l s  a r e  t h e r m a l l y  m atch ed  a t  t h e  sca n n ed  t e m p e r a t u r e s ,  t h e  
r e c o r d e r  i d e a l l y  w i l l  t r a c e  a s t r a i g h t  l i n e  ( 7 8 ) .
As a p p l i e d  to  b a c t e r i a l  membrane i n v e s t i g a t i o n s ,  DSC h a s  b een  u se d  
to  d e t e c t  t h e  r e v e r s i b l e  t e m p e r a t u r e  in d u c e d  o r d e r e d  ^ ^  d i s o r d e r e d  
p h a s e  t r a n s i t i o n  o f  t h e  membrane p h o s p h o l i p id s  (1 4 ,  4 1 ) .  The DSC 
d e t e c t s  t h e  p h a se  t r a n s i t i o n  i n  membrane and l i p i d  p r e p a r a t i o n s  a s  an  
en d o th e rm ie  p r o c e s s .  T h i s  en d o th e rm  r e p r e s e n t s  t h e  m e l t i n g  o f  t h e  f a t t y  
a c i d  c h a in s  o f  t h e  membrane l i p i d s  (2 ,  5 ,  15 , 17, 4 7 ) .
The t e m p e r a tu r e  a t  w h ich  th e  t r a n s i t i o n s  o c c u r  i s  known a s  t h e  
m e l t i n g  t e m p e r a tu r e  (Tm). S in c e  b i o l o g i c a l  membranes a r e  h e t e r o g e n e o u s  
a r r a y s  o f  many l i p i d  g ro u p s  w i th  c o n s i d e r a b l e  v a r i a t i o n s  i n  f a t t y  a c i d  
a c y l  g ro u p s ,  t h e  t e m p e r a tu r e  r a n g e  o v e r  w hich t h e  m e l t i n g  o f  t h e  l i p i d s  
o c c u r s  i s  o f t e n  w id e .  I n  a d d i t i o n  t o  th e  w ide t e m p e r a t u r e  r a n g e  i n  
t h e s e  t r a n s i t i o n s ,  th e y  l a c k  t h e  s h a r p n e s s  d e t e c t e d  i n  p u re  l i p i d  
p r e p a r a t i o n s .  The lo w er  b o u n d a ry  o f  t h e  endo therm  c o r r e s p o n d s  to  t h e  
b e g in n in g  o f  t h e  m e l t  and i s  d e s i g n a t e d  T s. The u p p er  l i m i t  o f  t h e  m e l t  
i s  d e s i g n a t e d  T l .  Ts c o r r e s p o n d s  to  th e  t e m p e r a tu r e  a t  w h ich  th e  l i p i d s  
a r e  i n  a g e l  ( s o l i d )  s t a t e  w h i l e  T l r e p r e s e n t s  t h e  t e m p e r a t u r e  a t  w h ich  
t h e  l i p i d s  a r e  i n  a  f l u i d  ( l i q u i d - c r y s t a l l i n e )  s t a t e  ( 1 4 ,  4 6 ,  7 7 ) .
A d e f i n i t e  p a t t e r n  h a s  b ee n  d e t e c t e d  i n  a l l  m ic ro o rg a n is m s  s t u d i e d  
s o  f a r  by DSC (4 6 ,  7 7 ) .  Membrane and l i p i d  p r e p a r a t i o n s  i n  t h e s e  
o rg a n is m s  u n d e rg o  a p a r t i a l  o r  c o m p le te  m e l t in g  a t  t e m p e r a t u r e  e q u a l  to  
o r  be low  t h e i r  g row th  t e m p e r a t u r e  (2 ,  45 , 46 ,  7 7 ) .  The r e l a t i o n s h i p  
b e tw e en  t h e  m e l t i n g  t e m p e r a tu r e  (Tm) o f  membrane l i p i d s  and  t h e  g row th  
t e m p e r a t u r e  r e f l e c t s  t h e  r e q u i r e m e n t  f o r  a  minimum d e g r e e  o f  f l u i d i t y
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c o m p a t ib le  w i t h  g ro w th  (3 6 ,  4 6 ) .
An I m p o r ta n t  q u e s t i o n  t h a t  re m a in s  so f a r  unansw ered  i s  w h e th e r  
c e l l u l a r  f u n c t i o n  d ep en d s  on t h e  o r d e r e d  ( g e l )  o r  d i s o r d e r e d  ( l i q u i d -  
c r y s t a l l i n e )  s t a t e  o f  t h e  membrane l i p i d  p h a se  t r a n s i t i o n  a s  d e t e c t e d  by 
DSC ( 3 6 ) .  I n  an  a t t e m p t  t o  answ er t h i s  q u e s t i o n  many i n v e s t i g a t i o n s  
h av e  b een  c o n d u c te d  i n  A. l a i d l a w l i  and E. c o l l  (3 6 ,  4 5 ,  4 7 ,  7 6 ) .  I n  A. 
l a i d l a w i i  i t  was shown t h a t  n o rm al c e l l u l a r  f u n c t i o n s  r e q u i r e d  t h a t  a t  
l e a s t  h a l f  o f  t h e  membrane l i p i d s  m ust be i n  t h e  d i s o r d e r e d  s t a t e  (4 5 ,  
47 , 7 6 ) .  I n  E. c o l i  t h i s  q u e s t i o n  re m a in s  l a r g e l y  u n r e s o lv e d  due t o  t h e  
a b i l i t y  o f  t h i s  o rg a n is m  t o  t o l e r a t e  r a t h e r  l a r g e  v a r i a t i o n s  i n  t h e  
am ounts o f  o r d e r e d  l i p i d s  w i t h o u t  n o t i c e a b l e  im p a irm en t  o f  i t s  v i t a l  
p r o c e s s e s  ( 3 6 ) .
The i n f o r m a t i o n  g a in e d  by DSC h a s  a l s o  b ee n  u sed  t o  sh ed  l i g h t  on 
a  number o f  o t h e r  membrane f u n c t i o n s  a s s o c i a t e d  w i t h  membrane f l u i d i t y .  
These  i n c l u d e  t h e  e f f e c t  o f  t h e  p h a s e  t r a n s i t i o n  o f  t h e  l i p i d s  i n  
b iom em branes on  t h e  a c t i v i t y  o f  membrane bound enzym es, on p r o t e i n s  
in v o lv e d  i n  v a r i o u s  t r a n s p o r t  s y s te m s ,  and on t h e  p e r m e a b i l i t y  p r o p e r ­
t i e s  o f  membranes (1 7 ,  29 , 30 ,  38 , 4 4 ,  6 4 ) .
Over t h e  y e a r s  b a c t e r i a l  c e l l s  h ave  p ro v id e d  w o rk e rs  w i t h  an  i d e a l  
sy s tem  f o r  s t u d y i n g  t h e  v a r i o u s  a s p e c t s  o f  membrane s t r u c t u r e  and  
f u n c t i o n s .  The a d v a n ta g e s  o f  u s in g  m ic ro o rg a n is m s  i n  membrane s tu d y  a r e  
many (1 5 ,  4 1 ) .  Some o f  t h e s e  a d v a n ta g e s  a r e :  ( i )  b a c t e r i a  i n  g e n e r a l
h av e  o n ly  e x t e r n a l  membranes w i t h  a s im p le  l i p i d  co m p o s i to n ;  ( i i )  
n e u t r a l  l i p i d s  a r e  r a r e  and s t e r o l s  a r e  u s u a l l y  a b s e n t ;  ( i i i )  t h e  
p h o s p h o l i p id  g ro u p s  a r e  found o n ly  i n  t h e  c e l l  membrane and b e lo n g  t o  a 
few g ro u p s  w i t h  a s im p le  a c y l  group  c o m p o s i t io n ;  ( i v )  t h e  f a t t y  a c i d
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
c o m p o s i t io n  can  b e  r e a d i l y  a l t e r e d ;  (v)  t h e  know ledge o f  b a c t e r i a l  
g e n e t i c s ,  p h y s i o l o g y ,  and  b i o c h e m i s t r y  i s  i n  an  advanced  s t a g e  i n  
co m p ar iso n  w i t h  o t h e r  b i o l o g i c a l  s y s te m s ;  ( v i )  m u ta n ts  d e f e c t i v e  i n  
t h e  s y n t h e s i s  o f  a c y l  g ro u p s  o f  p h o s p h o l i p id s  a r e  r e a d i l y  a v a i l a b l e  and 
m ost r e c e n t l y  m u ta n t s  i n  head  g roup  s y n t h e s i s  have  been  i s o l a t e d  ( 1 5 ) .
Two m ic ro o rg a n is m s  t h a t  have  p ro v ed  e x t r e m e ly  u s e f u l  i n  membrane 
s t u d i e s  a r e  t h e  two g ra m - n e g a t iv e  b a c t e r i a ,  E s c h e r i c h i a  c o l i , and 
A ch o lep la sm a  l a i d l a w i i  (1 5 ,  41 ,  7 7 ) .  A ch o lep la sm a  l a i d l a w i i . due t o  
i t s  s im p le  membrane c o m p o s i t io n ,  h a s  p ro v id e d  an a t t r a c t i v e  model 
s y s te m .  T h i s  o rg a n ism  c o n t a i n s  o n ly  a  s i n g l e  membrane sy s te m  and no 
c e l l  w a l l  -  an  u n u s u a l  f e a t u r e  t h a t  i t  s h a r e s  w i t h  t h e  o t h e r  m ycoplasm es 
( 6 3 ) .  I t  i s  d e p e n d e n t  on an  e x t e r n a l  s u p p ly  o f  u n s a t u r a t e d  f a t t y  a c i d s  
f o r  i t s  g ro w th ,  b u t  i s  c a p a b le  o f  s y n t h e s i z i n g  s a t u r a t e d  f a t t y  a c i d s  
from a c e t a t e  p r o v id e d  a s  a  p r e c u r s o r  i n  t h e  g row th  medium ( 6 3 ) .  T h ese  
f e a t u r e s  o f  t h e  o rg a n is m  have  been  e x p l o i t e d  i n  c o n t r o l l i n g  a l t e r a t i o n s  
i n  t h e  f a t t y  a c i d  c o m p o s i t io n  o f  i t s  membrane and  i n  s t u d y i n g  th e  
e f f e c t s  o f  t h e s e  a l t e r a t i o n s  o f  t h e  b i o p h y s i c a l  and b i o c h e m ic a l  p r o p e r ­
t i e s  o f  t h e  membrane (1 7 ,  23, 4 1 ,  4 5 ,  63 , 7 6 ) .  O th e r  a d v a n ta g e s  o f  
u s i n g  t h i s  o rg a n is m  i n c l u d e  t h e  f a c t  t h a t  c e l l  membranes can  b e  s im p ly  
p r e p a r e d  by l y s i n g  t h e  c e l l s  and r e c o v e r i n g  t h e  p e l l e t  f o l l o w i n g  c e n ­
t r i f u g a t i o n .  C e l l  membrane p r e p a r a t i o n s  w i t h  a  homogeneous f a t t y  a c id  
c o m p o s i t io n  c a n  b e  r e c o v e r e d  by a s im p le  m a n i p u l a t i o n  o f  t h e  g row th  
t e m p e r a tu r e  and g row th  medium (41 ,  7 7 ) .
I n  c o n t r a c t  to  A. l a i d l a w i i  t h e  membrane o f  E,  c o l l  i s  s t r u c t u r a l l y  
more com plex .  However, p r e s e n t  know ledge o f  t h e  g e n e t i c s ,  b i o c h e m i s t r y ,  
and p h y s io lo g y  o f  c o l i  i s  much more ad v an ced  (12 , 1 5 ,  4 1 ,  7 7 ) .  The
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b a s i c  o r g a n i z a t i o n  o f  t h e  membrane o f  IE. c o l i  h a s  b een  s t u d i e d  u s i n g  a  
v a r i e t y  o f  m e th o d s .  The p i c t u r e  t h a t  h as  em erged f o r  a l l  o t h e r  g ram - 
n e g a t i v e  b a c t e r i a  i s  s i m i l a r  t o  t h a t  o f  E. c o l i  (1 2 ,  14 ,  19 , 6 1 ) .  
B a s i c a l l y  t h e  E. c o l i  membrane c o n s i s t s  o f  a t v o  membrane s y s te m  -  an  
o u t e r  membrane and an  i n n e r  membrane. T hese  two membranes a r e  s e p a r a t e d  
by a r i g i d  l a y e f  o f  p e p t i d o g l y c a n  (1 4 ,  6 1 ) .
The o u t e r  and  in n e r  membranes o f  g r a m - n e g a t iv e  b a c t e r i a  h av e  
a p p r o x im a te ly  e q u a l  p r o p o r t i o n s  o f  l i p i d s  and p r o t e i n s ;  h o w e v e r ,  t h e  
p r o t e i n  c o m p o s i t io n  o f  each  i s  q u i t e  d i f f e r e n t  (12 ,  1 4 ,  1 9 ,  6 1 ) .  F o r  
i n s t a n c e ,  t h e  o u t e r  membrane, w hich i s  exposed  t o  t h e  e n v i r o n m e n t ,  
c o n t a i n s  t h e  a n t i g e n i c  d e t e r m i n a n t s  o f  t h e  o rg a n ism .  T hese  d e t e r m in a n t s  
may a c t  a s  r e c e p t o r  s i t e s  f o r  b a c t e r i a l  v i r u s e s  and  b a c t e r i c i n s  (1 4 ,
6 1 ) .  The o u t e r  membrane a l s o  f u n c t i o n s  a s  a s i e v e  f o r  s u b s t a n c e s  t h a t  
h av e  a  m o l e c u l a r  w e ig h t  o f  s e v e r a l  h u n d re d  (e x .  a n t i b i o t i c s ) . A l i p o p o l y -  
s a c c h a r i d e  l a y e r  i s  a l s o  found i n  t h e  o u t e r  membrane (1 9 ,  6 1 ) .  T h is  
l a y e r  i s  u n iq u e  to  g r a m - n e g a t iv e  b a c t e r i a  and when i s o l a t e d  and i n j e c t e d  
i n t o  a  mammal, i t  a c t s  a s  a n  e n d o to x in .
The i n n e r  membrane o f  E.  c o l i  a c t s  a s  t h e  p r im a ry  p e r m e a b i l i t y  
b a r r i e r  o f  t h e  o rg a n ism  (1 4 ,  1 9 ,  6 1 ) .  I t  c o n t a i n s  a g r e a t  number o f  
enzymes and  p r o t e i n s  i n v o lv e d  i n  t r a n s p o r t ,  ATP g e n e r a t i o n ,  and phos­
p h o l i p i d  s y n t h e s i s  ( 6 1 ) .  The f l a g e l l a  o f  m o t i l e  g ra m - n e g a t iv e  b a c t e r i a  
a r e  a l s o  b e l i e v e d  t o  b e  a n c h o re d  i n  t h i s  membrane r e g io n  (1 4 ,  19, 6 1 ) .  
T hus ,  u n l i k e  t h e  o u t e r  membrane p r o t e i n s ,  t h e  i n n e r  membrane p r o t e i n s  
a r e  i n v o lv e d  i n  a g r e a t  number o f  m e t a b o l i c  r e a c t i o n s .
A n o th e r  r e g i o n  found  i n  t h e  membrane sy s tem  o f  g r a m - n e g a t iv e  
b a c t e r i a  i s  a  s m a l l  s p a c e  l o c a t e d  b e tw e en  t h e  i n n e r  membrane and t h e
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p e p t i d o g l y c a n  l a y e r .  T h is  r e g i o n  i s  known a s  t h e  p e r i p l a s m i c  s p a c e  and 
c o n t a i n s  a  number o f  enzymes i n v o l v e d  i n  t r a n s p o r t ,  c h e m o ta x is ,  and 
v a r i o u s  h y d r o l y t i c  a c t i v i t i e s  (1 4 ,  6 1 ) .
The p h o s p h o l i p id  c o m p o s i t io n  o f  t h e  o u t e r  and i n n e r  membranes o f  
c o l i  h av e  b e e n  shown by a  number o f  s t u d i e s  t o  be  v e ry  s i m i l a r  (1 2 ,  6 1 ) .  
The m a jo r  p h o s p h o l i p i d s  fo u n d  i n  t h i s  o rg a n ism  a r e  p h o s p h a t i d y l e t h ­
a n o la m in e ,  p h o s p h a t i d y l g l y c e r o l ,  and c a r d i o l i p i n  ( 1 2 ) .  Of t h e s e ,  p h o s ­
p h a t i d y l e t h a n o l a m i n e  i s  t h e  p re d o m in a n t  s p e c i e s .  I n  g e n e r a l ,  o t h e r  
g ro u p s  o f  p h o s p h o l i p i d s ,  g l y c o l i p i d s ,  s p h i n g o l i p i d s ,  p l a s m a lo g e n  and 
s t e r o l s ,  w h ich  a r e  e n c o u n te r e d  i n  e u c a r y o t e s ,  a r e  n o t  fo und  i n  E. c o l i  
o r  t h e  o t h e r  g r a m - n e g a t iv e  e n t e r i c  b a c t e r i a  (12 , 15 , 1 9 ,  6 1 ) .
T h i s  t h e s i s  d e a l s  w i t h  a  b a c t e r i u m  c l o s e l y  r e l a t e d  t o  E. c o l i , 
known a s  Y e r s i n i a  e n t e r o c o l i t i c a . Y e r s i n i a  e n t e r o c o l i t i c a  h a s  r e c e n t l y  
g a in e d  th e  a t t e n t i o n  o f  many w o rk e r s  due t o  i t s  p o s s i b l e  in v o lv e m e n t  i n  
a  v a r i e t y  o f  human d i s e a s e s  (7 ,  8 ,  5 1 ,  5 5 ) .  We c h o se  t o  s t u d y  t h i s  
o rg a n is m  b e c a u s e  o f  i t s  n o v e l  a b i l i t y  t o  grow o v e r  a w ide  r a n g e  o f  
t e m p e r a t u r e s  (0°C t o  41°C) (3 2 ,  5 5 ) .  A l th o u g h  t h i s  a b i l i t y  h a s  b e e n  
known f o r  many y e a r s ,  t h e  minimum, optimum, and maximum t e m p e r a t u r e s  f o r  
g ro w th  hav e  n o t  b e e n  w e l l  d e f i n e d .
As e a r l y  a s  1965, M o l l a r e t  and G u i l l o n  d e s c r i b e d  g ro w th  o f  t h i s  
o rg a n is m  a t  4°C, 18°C, 28°C, and  37°C ( 5 5 ) .  T h e i r  f i n d i n g  was l a t e r  
c o n f irm e d  by N i le h n  who s t u d i e d  t h e  a b i l i t y  o f  330 s t r a i n s  o f  e n t e r ­
o c o l i t i c a  to  grow a t  25°C, 37°C, 39°C , 41°C. She n o ted  t h a t  a l l  o f  t h e  
s t r a i n s  s t u d i e d  grew a t  t h e s e  t e m p e r a t u r e s  w i th  t h e  e x c e p t i o n  o f  one 
s t r a i n  w h ich  f a i l e d  t o  grow a t  41°C. The same s t r a i n s  w ere  a l s o  s t u d i e d  
by t h e  same w o rk e r  f o r  t h e i r  a b i l i t y  t o  grow a t  43°C; h o w ev er ,  no g row th
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was r e p o r t e d  f o r  any o f  t h e  s t r a i n s  a t  t h i s  t e m p e r a tu r e  i n  s p i t e  o f  
i n c u b a t i o n  p e r i o d s  t h a t  l a s t e d  up t o  7 d a y s .  Ten o f  th e  s t r a i n s  w ere  
a l s o  t e s t e d  f o r  g row th  a t  4°C. Growth was o b s e r v e d  f o r  a l l  o f  t h e s e  
s t r a i n s  w i t h i n  an  i n c u b a t i o n  p e r i o d  o f  2 t o  5 d a y s .
The optimum t e m p e r a t u r e  a t  w hich  t h e  f a s t e s t  g row th  o f  Y. e n t e r ­
o c o l i t i c a  o c c u r s  h a s  n o t  b een  w e l l  d e f i n e d  ( 5 5 ) .  S e v e r a l  d i f f e r e n t  
t e m p e r a t u r e s  h av e  b ee n  r e p o r t e d  f o r  t h i s  o rg a n is m .  For i n s t a n c e ,  Knapp 
and T h a i  o r i g i n a l l y  n o te d  t h a t  t h e  optimum t e m p e r a tu r e  o f  g ro w th  o f  %. 
e n t e r o c o l i t i c a  was i n  t h e  r a n g e  o f  30°C to  37°C (4 9 ,  5 5 ) .  O th e r  w o rk e r s  
r e p o r t e d  t h a t  o p t im a l  g row th  o c c u r r e d  a t  34°C, 35°C, and 37°C ( 4 9 ) .  
S e v e r a l  r e p o r t s  a l s o  i n d i c a t e d  t h a t  t h e r e  was no d i f f e r e n c e  i n  t h e  
g ro w th  r a t e s  o f  Y. e n t e r o c o l i t i c a  a t  35°C and 37°C (5 0 ,  7 5 ) .  N i l e h n  
n o te d  t h a t  t h e  s h o r t e s t  g e n e r a t i o n  t im e  o f  a new i s o l a t e  o f  Y e r s i n i a  
e n t e r o c o l i t i c a  was found upon i n c u b a t i o n  a t  34°C ( 5 5 ) .
I n  a d d i t i o n  to  t h e  u n u s u a l l y  w id e  r a n g e  o f  g row th  t e m p e r a t u r e ,  
Y e r s i n i a  e n t e r o c o l o t i c a  h a s  s e v e r a l  o t h e r  t e m p e r a tu r e - d e p e n d e n t  c h a r ­
a c t e r i s t i c s .  D i f f e r e n c e s  h av e  b e e n  n o te d  be tw een  c e l l s  grown a t  25°C 
and 37°C w i t h  r e g a r d  t o  m o t i l i t y ,  b io c h e m ic a l  r e a c t i o n s ,  s u s c e p t i b i l i t y  
to  a n t i b i o t i c s ,  c u l t u r a l  c h a r a c t e r i s t i c s ,  s e r o l o g y ,  and s e n s i t i v i t y  to  
p h ag e s  (9 ,  10, 11 ,  16 , 20, 3 4 ,  50 , 52 ,  53 , 54 , 55 ,  62, 7 5 ) .  T h ese  
c h a r a c t e r i s t i c s  may be a r e s u l t  o f  membrane a l t e r a t i o n s .
The b a s i c  q u e s t i o n  we s e t  o u t  to  an sw er was w h e th e r  t h e  w id e  r a n g e  
o f  g ro w th  t e m p e r a t u r e s  r e p o r t e d  f o r  Y. e n t e r o c o l i t i c a  was e x p l a i n a b l e  i n  
te rm s  o f  t h e  p h y s i c a l  s t a t e  o f  i t s  membrane l i p i d s .  These l i p i d s  m ig h t  
be  in v o lv e d  i n  t h e  a d a p t a t i o n  o f  t h e  membrane o f  t h i s  o rg a n is m  f o r  
g ro w th  o v e r  a w ide  r a n g e  o f  t e m p e r a t u r e s  by p r o v i d i n g  t h e  p r o p e r  l e v e l
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o f  f l u i d i t y  c o m p a t ib le  w i th  c e l l  f u n c t i o n s  and  i n t e g r i t y .
I n  o r d e r  t o  answ er t h e  above q u e s t i o n ,  we s t u d i e d  t h e  e f f e c t  o f  
g ro w th  t e m p e r a tu r e  on th e  membrane l i p i d  c o m p o s i t io n  o f  Y. e n t e r o ­
c o l i t i c a . Our i n v e s t i g a t i o n  i n c l u d e d  a n a ly z i n g  t h e  h ead  g ro u p s  o f  
membrane p h o s p h o l i p i d s ,  a n a l y z i n g  t h e  f a t t y  a c id  c o m p o s i t io n  o f  t h e s e  
p h o s p h o l i p i d s ,  and s tu d y i n g  t h e  b e h a v io r  o f  e x t r a c t e d  l i p i d  d i s p e r s i o n s  
and  c e l l  membrane p r e p a r a t i o n  o f  c e l l s  o f  Y. e n t e r o c o l i t i c a  i n  r e s p o n s e  
to  ch a n g e s  i n  t h e  g row th  t e m p e r a t u r e .
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CHAPTER I I  
MATERIALS AND METHODS 
ORGANISM
The o rg a n ism  use(f  i n  t h e s e  s t u d i e s  was Y e r s i n i a  e n t e r o c o l i t i c a  TN 
559582. T h is  o rg a n is m  was i s o l a t e d  from a w a te r  s o u r c e  i n  t h e  s t a t e  o f  
W is c o n s in  and was l a t e r  s e r o ty p e d  0 : 4 , 3 2 .  A f r e s h  t r a n s f e r  o f  t h i s  
o rg a n ism  on a  t r y p t i c a s e  soy  a g a r  (TSA) s l a n t  was o b t a i n e d  from  a  s t o c k  
c u l t u r e  m a in ta in e d  by t h e  D e p a r tm en t  o f  M ic ro b io lo g y ,  U n i v e r s i t y  o f  
M ontana.
CULTURE MAINTENANCE
C e l l s  w e re  grown and m a i n t a i n e d  on s l a n t s  o f  t r y p t i c a s e  soy  a g a r  
(TSA). A l l  o f  t h e  c u l t u r e s  u sed  i n  o u r  e x p e r im e n ts  were p r e p a r e d  i n  
t h e  f o l l o w i n g  m anner :  10 ml o f  a  tu b e  o f  s t e r i l e  t r y p t i c a s e  soy  b r o t h
(TSB) w ere  i n o c u l a t e d  from a r e f r i g e r a t e d  s t o c k  c u l t u r e  and  in c u b a t e d  a t  
room t e m p e r a t u r e .  The c u l t u r e  was a l lo w e d  to  grow o v e r n i g h t  t o  m id - lo g  
p h a s e .  One ml o f  t h e  ab o v e  c u l t u r e s  was th e n  u sed  t o  i n o c u l a t e  a  250 ml 
E r len m e y e r  f l a s k  (ER) c o n t a i n i n g  100 ml o f  s t e r i l e  TSB. The f l a s k  was 
t h e n  p la c e d  i n  a  New B runsw ick  s h a k e r  i n c u b a t o r  a t  room t e m p e r a t u r e .
The c e l l s  w ere  grown t o  a f i n a l  o p t i c a l  d e n s i t y  (O .D .)  o f  0 . 5  a t  a 
w a v e le n g th  o f  600 nm a s  m easu red  u s i n g  a Coleman I I  J u n i o r  s p e c t r o ­
p h o to m e te r .
MATERIALS
T r y p t i c a s e  soy b r o t h  (TSB) and  t r y p t i c a s e  soy  a g a r  (TSA) w ere 
p u rc h a s e d  from D ifc o  o f  D e t r o i t ,  M ich ig an .  Lysozyme, d e o x y r ib o n u c l e a s e
13
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(D N ase) ,  o l e i c  and  p a l m i t o l e i c  a c i d s ,  and  T r i s  ( t r i s  (h y d ro x y lm e th y l )  
am inom ethane) w e re  o b t a i n e d  from Sigma C hem ical Company, S t .  L o u i s ,  
M i s s o u r i .  C h lo ro fo rm ,  p y r i d i n e ,  h e x a n e ,  and d i i s o b u t y l  k e to n e  were 
s u p p l i e d  by J .  T. Baker C hem ical Company, P h i l l i p s b u r g h ,  New J e r s e y .  
M ethano l  was p u rc h a s e d  from N o r th w e s t  S c i e n t i f i c  I n c .  o f  B i l l i n g s ,  
M ontana. E th y l e n e  g l y c o l  was t h e  p ro d u c t  o f  F i s h e r  S c i e n t i f i c  Company, 
F a i r  Lawn, New J e r s e y .  The f a t t y  a c i d  m e th y l  e s t e r  s t a n d a r d s  (FAME) 
w ere  p u rc h a s e d  from A l l t e c h  A s s o c i a t e s ,  A r l i n g t o n  H e ig h t s ,  I l l i n o i s ,  and 
A p p l ie d  S c ie n c e  L a b o r a t o r i e s  o f  S t a t e  C o l l e g e ,  P e n n s y l v a n i a .  A l l  
c h e m ic a l s  w ere r e a g e n t  g r a d e .  A l l  p r e p a r a t i o n s  r e q u i r i n g  s t e r i l i z a t i o n  
w ere  a u t o c l a v e d  a t  15 p s i  a t  121°C f o r  15 m in u te s .
GROWTH AND HARVEST CONDITIONS
Y e r s i n i a  e n t e r o c o l l t i c a  was grown i n  TSB a t  5°C , 22°C, and 37°C.
A l l  c e l l s  u sed  i n  e x p e r im e n ts  w e re  h a r v e s t e d  i n  m id - lo g  p h a s e  (O.D. o f
0 .5  a t  600 n m ). One l i t e r  vo lum es o f  s t e r i l e  m ed ia  w ere  i n o c u l a t e d  w i t h
50 ml o f  a . e n t e r o c o l l t i c a  c u l t u r e  i n  m id - lo g  p h a s e  ( a s  d e s c r i b e d
p r e v i o u s l y  i n  t h i s  s e c t i o n ) .  C e l l s  w ere  grown a t  22°C and 37°C i n  a  2 1
j a r  u s i n g  a m ic ro fe rm  to p  bench  f e r m e n to r  (New B runsw ick  Model MF-114)
w i th  a g i t a t i o n  s e t  a t  400 rpm, and a e r a t i o n  o f  2500 c c /m in .  The tem p-
o o
e r a t u r e s  w ere s e t  a t  22 C o r  37 C and m o n i to re d  by a  b u i l t - i n  temp­
e r a t u r e  r e c o r d e r .  C e l l s  w ere grown a t  5^C i n  a c o ld  room w i t h  m o d e ra te  
s h a k in g .  When th e  c u l t u r e s  r e a c h e d  an  O.D. o f  0 .5  a t  600 nm, t h e  c e l l s  
w ere  c o l l e c t e d  by c e n t r i f u g a t i o n  a t  1400 x g i n  an I n t e r n a t i o n a l  c e n t r i f ­
u g e  (Model V) f o r  45 m i n u te s .  F o l lo w in g  c e n t r i f u g a t i o n  t h e  c e l l  p e l l e t s
w ere  combined and  su sp en d e d  i n  30 ml o f  10 mM T r i s  HCl b u f f e r ,  pH 7 . 8 ,
and poured  i n t o  50 ml c e n t r i f u g e  t u b e s .  The c e n t r i f u g e  t u b e s  w ere  
p la c e d  i n  a  S o r v a l l  RC2-B and se d im e n te d  a t  1 5 ,9 0 0  x g f o r  30 m in u te s .
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The s u p e r n a t a n t s  w ere  a g a in  d i s c a r d e d  and t h e  p e l l e t s  r e s u s p e n d e d  i n  30 
ml o f  10 mM T r i s  HCl b u f f e r ,  pH 7 . 8 ,  and t h e n  c e n t r i f u g e d  a t  1 5 ,9 0 0  x g 
f o r  30 m in u te s .  A f t e r  t h e  seco n d  c e n t r i f u g a t i o n ,  th e  s u p e r n a t a n t s  w ere  
d i s c a r d e d  and  t h e  p e l l e t s  w ere  r e a d y  f o r  u s e  i n  v a r i o u s  a s s a y s  and 
d e t e r m i n a t i o n s .  D u r in g  a l l  o f  t h e s e  m a n i p u l a t i o n s  th e  t e m p e r a t u r e  was 
m a in t a in e d  a t  0°C t o  4°C.
GROWTH RATE MEASUREMENTS
The g ro w th  r a t e s  o f  Y e r s i n i a  e n t e r o c o l i t i c a  c e l l s  grown a t  5°C, 2 2 °  
o
C, and 37 C w ere  d e te rm in e d  a c c o r d i n g  to  t h e  fo l l o w in g  p r o c e d u r e .  One
l i t e r  vo lum es o f  s t e r i l e  TSB w ere  i n o c u l a t e d  w i th  10 ml o f  a m id - lo g
p h ase  c u l t u r e  (O.D. = 0 .5  a t  600 n m ). The 22°C and  37°C c e l l s  w ere
grown i n  2 l i t e r  j a r s  u s i n g  a m ic ro fe rm  b en ch  to p  f e r m e n to r  ( c o n d i t i o n s
a s  d e s c r i b e d  a b o v e ) . Sam ples (4 to  5 ml) o f  th e  c u l t u r e s  w ere  removed
a t  r e g u l a r  i n t e r v a l s  and r e a d  a t  600 nm u s i n g  a  Coleman I I  J u n i o r  s p e c -
o
t r o p h o t o m e t e r . C e l l s  w ere grown a t  5 C i n  a  2 1 f l a s k  i n  a c o l d  room 
w i t h  m o d e ra te  s h a k in g .  Sample s i z e s  o f  4 to  5 ml were removed a t  
r e g u l a r  i n t e r v a l s  and  r e a d  i n  a  s p e c t r o p h o to m e te r  a s  ab o v e .  The g row th  
r a t e s  w ere d e te rm in e d  from th e  l i n e a r  p o r t i o n  o f  p l o t t e d  c u r v e s  o f  O.D. 
v s .  t im e  ( t )  u s i n g  t h e  f o l l o w i n g  fo r m u la :
l o g j ^ Q  O.D.j,^ -  l o g ^ Q
gro w th  r a t e  = --------------------------------------------------------
■ ^1
GROWTH RATE VS. TEMPERATURE MEASUREMENTS 
The c h a n g e s  i n  O .D . /h o u r  v s .  t e m p e r a tu r e  w ere  d e te rm in e d  i n  t h e  
f o l l o w in g  m anner .  Sample s i z e s  o f  1 ml o f  a  m id - lo g  p h ase  c u l t u r e  
m a in t a in e d  i n  t h e  c o ld  room w ere  u sed  to  i n o c u l a t e  100 ml o f  s t e r i l e
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TSB. T h ese  w ere  th e n  i n c u b a te d  a t  t h e  d e s i r e d  t e m p e r a tu r e  f o r  a  p e r io d  
o f  8 h o u r s .  At t h i s  p o i n t  t h e  f i n a l  O.D. r e a d i n g s  were r e c o r d e d .  The 
t e m p e r a t u r e s  o f  g ro w th  u sed  i n  t h e  d e t e r m i n a t i o n s  were 1°C, 5°C, 10°C,
16°C, 23°C, 34°C, 42°C, and 45°C.
WET AND DRY WEIGHT DETERMINATIONS 
The tw ic e  washed p e l l e t s  r e c o v e r e d  from a volum e o f  100 ml o f  c e l l s  
h a r v e s t e d  a s  d e s c r i b e d  ab o v e ,  w ere  re s u s p e n d e d  i n  5 Co 10 ml o f  10 mM 
T r i s  HCl b u f f e r  s o l u t i o n ,  pH 7 . 8 .  Then t h e s e  w ere  u sed  t o  d e t e r m in e  t h e  
w et and d ry  w e ig h t s  o f  5°C, 22°C, and 37°C c e l l s .  Wet w e ig h t s  w ere 
d e te r m in e d  by w e ig h in g  50 ml S o r v a l l  c e n t r i f u g e  t u b e s ;  t h e n  a d d in g  t h e  
r e s u s p e n d e d  c e l l s  to  t h e s e  t u b e s .  R esuspended  c e l l s  w ere  t h e n  c e n ­
t r i f u g e d  i n  t h e  c o ld  a t  1 5 ,9 0 0  x g f o r  30 m i n u te s .  The s u p e r n a t a n t s  w ere  
d i s c a r d e d  and  t h e  c e n t r i f u g e  t u b e s  re w e ig h e d .  The c a l c u l a t e d  d i f f e r e n c e s  
i n  w e ig h t s  w ere  u se d  to  a p p r o x im a te  t h e  wet w e ig h t s  (no c o r r e c t i o n s  w ere  
made f o r  t h e  w e ig h t  o f  T r i s  H C l) . The r e p o r t e d  v a l u e s  i n  r e s u l t s  
s e c t i o n  w ere a v e r a g e s  o f  4 d i f f e r e n t  d e t e r m i n a t i o n s .  Dry w e ig h t s  w ere  
d e te r m in e d  on 1 ml sam p le s  o f  t h e  re s u s p e n d e d  c e l l s  i n  p r e w e ig h te d  
v i a l s .  These  v i a l s  w ere  w eighed  a g a i n  and p la c e d  i n  a  100°C oven  o v e r n i g h t .  
Then t h e  d r i e d  v i a l s  w ere  w eighed  a f t e r  c o o l i n g  i n  a  d e s c i a t o r .  The 
v a l u e s  r e p o r t e d  i n  t h e  r e s u l t s  s e c t i o n  r e p r e s e n t  a v e r a g e s  o f  4 d e t ­
e r m i n a t i o n s .  The w a te r  c o n t e n t  o f  Y. e n t e r o c o l i t i c a  c e l l s  a t  5°C , 22°C, 
and  37°C w ere d e te rm in e d  a s  t h e  c a l c u l a t e d  d i f f e r e n c e s  b e tw e en  th e  w et 
and  d r y  w e ig h t s  and a r e  r e p o r t e d  a s  p e r c e n t  o f  t o t a l  w e ig h t s  i n  th e  
r e s u l t s  s e c t i o n .
PROTEIN DETERMINATIONS 
The p r o t e i n  c o n t e n t  o f  Y. e n t e r o c o l i t i c a  c e l l s  a t  5°C, 22°C , and
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37°C was d e te r m in e d  by t h e  m ethod o f  Lowry e t .  a l .  ( 4 0 ) .  Tw ice washed 
p e l l e t s  r e c o v e r e d  from  100 ml o f  c e l l s  w ere  re s u s p e n d e d  i n  30 ml o f  0.3% 
NaCl. 0 . 1  ml a l i q o u t s  w ere  t h e n  u sed  to  d e te r m in e  p r o t e i n  c o n t e n t .  The 
v a l u e s  t h a t  a r e  r e p o r t e d  i n  t h e  r e s u l t s  s e c t i o n  w ere  a v e r a g e s  o f  two 
d e t e r m i n a t i o n s  o f  two d i f f e r e n t  b a t c h e s  o f  c e l l s ,  done i n  t r i p l i c a t e .
The s t a n d a r d  c u r v e s  u sed  to  c a l c u l a t e  p r o t e i n  c o n t e n t  was t h a t  o f  b o v in e  
serum a lb u m in .
LIPID EXTRACTIONS 
C e l l s  w ere  washed tw ic e  w i t h  e q u a l  vo lum es o f  10 mM T r i s  HCl 
b u f f e r ,  pH 7 . 8 ,  o r  w i t h  a  0.3% NaCl - lO '^ M  EDTA s o l u t i o n .  The EDTA 
s o l u t i o n  was u sed  to  i n h i b i t  t h e  a c t i v i t y  o f  p h o s p h o l ip a s e  i n  t h e s e  c e l l  
p r e p a r a t i o n s .  Then th e  tw ic e  washed p e l l e t s  from 100 and  200 ml o f  
c e l l s  w ere  r e s u s p e n d e d  i n  10 t o  20 ml o f  0.3% NaCl. The l i p i d s  w ere  
th e n  e x t r a c t e d  by th e  B l ig h  and  Dyer method ( 6 ) .  F o l lo w in g  t h e  l a s t  
c h lo ro f o rm  e x t r a c t i o n ,  t h e  l i p i d s  w ere  r e s u sp e n d e d  i n  10 t o  20 ml o f  a 
2 :1  c h lo ro f o r m - m e th a n o l  m i x tu r e  and a s s a y e d  f o r  p h o s p h a te  c o n t e n t  
by t h e  m o d i f i c a t i o n  o f  t h e  F i s k e  Subba-Row method ( 4 ) .  The e x t r a c t e d  
l i p i d s  w e re  s t o r e d  u n d e r  n i t r o g e n  a t  -2 0 °C .
FREE FATTY ACID DETERMINATIONS 
The amount o f  f r e e  f a t t y  a c i d s  p r e s e n t  i n  t h e  t o t a l  l i p i d s  ex ­
t r a c t e d  w e re  d e te r m in e d  by t h e  method o f  Novak ( 5 6 ) .  The am o u n ts  o f  
f r e e  f a t t y  a c i d s  w ere  o b t a i n e d  from s t a n d a r d  c u r v e s  o f  t h e  two f a t t y  
a c i d s  -  o l e i c  and p a l m i t o l e i c .  The v a l u e s  r e p o r t e d  i n  t h e  r e s u l t s  
s e c t i o n  w ere  a v e ra g e  v a l u e s  o f  two s e p a r a t e  d e t e r m i n a t i o n s ,  u s i n g  two 
d i f f e r e n t  sam ple  s i z e s  and done  i n  t r i p l i c a t e .
PREPARATION OF FATTY ACID METHYL ESTERS (FAME)
The t o t a l  l i p i d s  e x t r a c t e d  w ere  c o n v e r te d  t o  f a t t y  a c i d  m e th y l
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e s t e r s  by t h e  f o l l o w i n g  p r o c e d u r e .  E x t r a c t e d  l i p i d s  w ere  d r i e d  u n d e r  
vacuum and t h e n  r e s u s p e n d e d  i n  10 ml o f  an h y d ro u s  m e th a n o l  c o n t a i n i n g  
f i v e  d r o p s  o f  c o n c e n t r a t e d  H^SO^. The r e s u s p e n d e d  l i p i d s  w e re  t h e n  
r e f l u x e d  i n  a 70°C w a te r  b a t h  f o r  two h o u r s .  A f t e r  c o o l i n g  i n  a n  i c e  
b a t h ,  20 ml o f  w a te r  w ere  a d d e d ,  and t h e  r e a c t i o n  m ix tu r e  was e x t r a c t e d  
tw ic e  w i t h  10 ml p o r t i o n s  o f  h e x a n e .  The h ex an e  was t h e n  removed u n d e r  
vacuum and t h e  f a t t y  a c i d  m e th y l  e s t e r s  r e c o v e r e d  w ere  r e s u s p e n d e d  i n  1 
ml vo lum es o f  h e x a n e .  The FAME w ere  th e n  s t o r e d  u n d e r  n i t r o g e n  a t  - 2 0 °
C.
CELL MEMBRANE PREPARATION 
The membranes o f  Y e r s i n i a  e n t e r o c o l i t i c a  c e l l s  from 5°C , 22°C, and 
37°C c u l t u r e s  w ere  p r e p a r e d  by t h e  method o f  Kaback (3 7 ) .  C e l l s  w ere  
w ashed tw ic e  w i th  10 mM T r i s  HCl, pH 7 . 8 ,  Then t h e s e  c e l l s  w e re  c o n v e r t e d  
t o  s p h e r o p l a s t s  by t r e a t m e n t  w i t h  p o ta s s iu m  EDTA, pH 7 . 0 ,  and  ly so zy m e .
The s p h e r o p l a s t s  r e c o v e r e d  w ere  c e n t r i f u g e d ,  hom ogenized ,  and  l y s e d .
C e l l  membranes w ere  r e c o v e r e d  from  t h e  l y s a t e s  by s e v e r a l  c e n t r i f u g a t i o n s .  
T h ese  membranes w e re  t h e n  w ash ed ,  hom ogen ized ,  and th e  c e l l  d e b r i s  
d i s c a r d e d .  F i n a l l y ,  t h e  hom ogenized  c e l l  membrane p r e p a r a t i o n s  w ere  
su sp en d ed  i n  b u f f e r  and  s t o r e d  i n  1 t o  2 ml a l i q o u t s  u n d e r  n i t r o g e n  a t  
-2 0 °C .
DETERMINATION OF PHOSPHOLIPID HEADGROUPS 
Sam ples o f  t o t a l  e x t r a c t e d  l i p i d s  c o n t a i n i n g  15 t o  30 ug o f  p h o s p h a te  
w ere  s p o t t e d  p e r  s i l i c i c  a c id - i m p r e g n a t e d  Whatman p a p e r  (S G -8 1 ) . Chroma­
to g ra p h y  was c a r r i e d  o u t  i n  j a r s  by t h e  a s c e n d in g  method w i t h  t h e  f o l l o w i n g  
s o l v e n t  m i x t u r e s .  S o lv e n t  A; c h l o r o f o r m - m e t h a n o l - d i i s o b u t y l k e t o n e -  
a c e t i c  a c i d  w a te r  (23 :  10: 45 : 25: 4) ( v / v ) . S o lv e n t  B; c h lo r o f o r m -m e th a n o l -
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d i i s o b u t y l  k e t o n e - p y r i d i n e - 0 . 5  M NH^Cl b u f f e r  (30 ; 1 4 .5 :  25: 35: 6)
( v / v ) . The i d e n t i t y  o f  t h e  head  g ro u p s  w ere e s t a b l i s h e d  u s i n g  v a r i o u s  
s t a i n s .  P a p e r  ch rom atogram s w ere  s p ra y e d  w i th  n i n h y d r i n ,  m o ly b d a te ,  and  
rhodam ine  s t a i n s .  The s p o t s  from t h e  m o ly b d a te  s p ra y e d  ch rom atog ram s 
w ere c u t  o u t  and  d i g e s t e d  i n  70% p e r c h l o r i c  a c i d .  The p h o s p h a te  c o n t e n t  
p e r  e a c h  s p o t  was t h e n  d e te r m in e d  by t h e  m o d i f i c a t i o n  o f  t h e  F i s k e  
Subba-Row m ethod ( 4 ) .
ANALYSIS OF FATTY ACID METHYL ESTER PREPARATIONS 
The i d e n t i t y  o f  t h e  f a t t y  a c i d  m e th y l  e s t e r s  was d e te r m in e d  by g a s -  
l i q u i d  c h ro m a to g ra p h y .  A V a r ia n  A ero g rap h  g a s - l i q u i d  c h ro m a to g ra p h  1800 
s e r i e s  e q u ip p ed  w i t h  a  h y d ro g e n  f lam e  i o n i z a t i o n  d e t e c t o r  (FID) was u se d  
f o r  t h i s  p u r p o s e .  C h ro m a to g ra p h ic  a n a l y s e s  w ere  c a r r i e d  o u t  w i t h  a  6 
f t .  X 1 /8  i n .  s t a i n l e s s  s t e e l  c a p i l l a r y  column c o a te d  w i th  3% SE -  30 ,  
mesh 1 0 0 /1 2 0 .
The f o l l o w i n g  w ere t h e  c o n d i t i o n s  o f  t h e  a n a l y s i s .  The i n i t i a l  
t e m p e ra u re  o f  t h e  column was 90 °C t o  1 0 0 °C and t h e  f i n a l  t e m p e r a t u r e  2 3 0 °
C to  2 4 0 °C. The s e n s i t i v i t y  em ployed i n  th e  ru n s  ra n g ed  from 8 t o  64 x 
10 T em p e ra tu re  o f  t h e  i n j e c t o r  was 230°C to  2 4 0 °C. The f lo w  r a t e
o f  t h e  c a r r i e r  g a s ,  n i t r o g e n ,  was 27 to  31 m l/m in .  A ir  and h y d ro g en  
f lo w  r a t e s  w ere  m easu red  a t  215 m l/m ln  and 22 m l /m in ,  r e s p e c t i v e l y .
Changes i n  t e m p e r a tu r e  w e re  programmed a t  . 5°C to  20°C /m in .
The r e l a t i v e  a r e a  p e r c e n t a g e s  w ere  d e te r m in e d  by a  H e w le t t  P a c k a rd  
3380A i n t e g r a t o r .  The FAME com ponents  w ere i d e n t i f i e d  by com par ing  
t h e i r  r e t e n t i o n  t im e s  t o  t h o s e  o f  e s t a b l i s h e d  s t a n d a r d s  and t h e i r  I d e n t i t i e s  
r e c o n f i rm e d  by  c o - i n j e c t i o n s  o f  s t a n d a r d s  and unknown s a m p le s .
DIFFERENTIAL SCANNING CALORIMETRY (DSC)
A n a ly s i s  o f  t o t a l  l i p i d s  and c e l l  membrane p r e p a r a t i o n s  w ere
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c a r r i e d  o u t  by DSC u s i n g  a  Dupont 990 Therm al A n a ly s e r  e q u ip p e d  w i t h  a 
DSC c e l l .  The t o t a l  l i p i d s  and c e l l  membranes w e re  p r e p a r e d  a s  f o l l o w s .  
Thermograms w ere  o b t a i n e d  a t  a s c a n  r a t e  o f  5 d e g r e e /m in ,  and a  f u l l -  
s c a l e  s e n s i t i v i t y  o f  1 m c a l / s e c .  Sam ples s ca n n ed  above f r e e z i n g  w e re  
s u sp e n d e d  i n  d i s t i l l e d  w a te r  o f  0 .1  M p o ta s s iu m  p h o s p h a te  b u f f e r ,  pH
6 . 6 ,  a g a i n s t  a  r e f e r e n c e  pan  c o n t a i n i n g  t h e  same s u s p e n d in g  s o l u t i o n .  
Sam ples  scan n ed  below  t h e  f r e e z i n g  p o i n t  o f  w a te r  were su sp en d e d  I n  50% 
e t h y l e n e  g l y c o l  i n  w a te r  w hich  was a l s o  u se d  i n  t h e  r e f e r e n c e  p a n s .  
PREPARATION OF TOTAL LIPIDS EXTRACTED FOR DSC 
T o t a l  l i p i d s  w e re  d r i e d  u n d e r  vacuum and t h e n  r e d i s s o l v e d  i n  1 to  
2 d ro p s  o f  b e n z e n e .  The b en z en e  was t h e n  removed by a s t r e a m  o f  N2 g a s .  
The d r i e d  l i p i d s  w ere  th e n  r e s u s p e n d e d  i n  w a te r  o r  in  a  50% e t h y l e n e  
g l y c o l  i n  w a te r  m i x tu r e  and d i s p e r s e d  by s o n i c a t i o n .  The s o n i f i e d
l i p i d s  w ere  t h e n  se d im e n te d  a t  1 7 6 ,0 0 0  x g i n  a Beckman L2 -  65B u l t r a -
o
c e n t r i g u f e  a t  a t e m p e r a tu r e  o f  4 C f o r  t h r e e  h o u r s .  The p e l l e t s  w ere  
removed and p l a c e d  i n t o  p re w e ig h ed  DSC sam ple  p a n s  and w e ighed  o u t  u s i n g  
a P e rk in - E lm e r  A u to b a la n c e  Model AD-2. W ater o r  50% e t h y l e n e  g l y c o l  i n  
w a te r  was added  to  t h e  p e l l e t s  and t h e n  th e  pans w ere s e a l e d  u s i n g  a  
P e rk in - E lm e r  s e a l i n g  p r e s s .  The p an s  w ere th e n  p la c e d  i n  a  DSC c e l l  and 
sc a n n e d  a g a i n s t  w a te r  o r  50% e t h y l e n e  g l y c o l  i n  w a te r  a s  a  r e f e r e n c e .  
PREPARATION OF CELL MEMBRANES FOR DSC
The c e l l  membranes p r e p a r e d  a s  d e s c r i b e d  ab o v e  w ere removed from
o
s t o r a g e  a t  - 2 0  C. and thaw ed. Then t h e s e  p r e p a r a t i o n s  w e re  s e d im e n te d  
by c e n t r i f u g a t i o n  a t  3 0 ,5 0 0  x g i n  a S o r v a l l  RC -  2B c e n t r i f u g e  a t  5°C. 
The c e l l  membranes w e re  r e s u s p e n d e d  i n  0 .1  M p o ta s s iu m  p h o s p h a te ,  pH
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5 . 6 ,  o r  50% e t h y l e n e  g l y c o l  m i x t u r e .  Then t h e s e  p r e p a r a t i o n s  w ere  
c e n t r i f u g e d  a s  d e s c r i b e d  a b o v e .  The p e l l e t s  r e c o v e r e d  w e re  t h e n  p l a c e d  
i n t o  p re w e ig h te d  DSC sam ple  p an s  and r e w e ig h e d .  To t h e s e  was t h e n  added  
0 .1  M p o ta s s iu m  p h o s p h a te  b u f f ,  pH 6 . 6 ,  o r  30% e t h y l e n e  g l y c o l  m ix u te .  
The sam p le  p an s  w ere  s e a l e d ,  p l a c e d  i n t o  a  DSC c e l l ,  and s c a n n e d  a g a i n s t  
0 .1  M p o ta s s iu m  p h o s p h a te  b u f f e r  o r  30% e t h y l e n e  g l y c o l  i n  w a te r  a s  a 
r e f e r e n c e .
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CHAPTER I I I  
RESULTS
GROWTH OF YERSINIA ENTEROCOLITICA
The g ro w th  r a t e  d e t e r m i n a t i o n s  f o r  Y. e n t e r o c o l i t i c a  a t  5°C , 22°C , 
and 37°C i n d i c a t e d  t h a t  t h i s  o rg a n is m  e x h i b i t e d  t h e  f a s t e s t  g ro w th  a t  37° 
C ( F i g .  4 ) .  The s h o r t e s t  l a g  p e r i o d  was o b s e r v e d  f o r  c u l t u r e s  i n c u b a t e d  
a t  37°C a l s o  ( F i g s .  1 ,  2 , 3 ) .  The g ro w th  o f  Y. e n t e r o c o l i t i c a  was 
d e te r m in e d  o v e r  a  w ide  r a n g e  o f  t e m p e r a t u r e s  (1°C t o  4 5 ° C ) . I n  t h e s e  
d e t e r m i n a t i o n s  t h e  ch an g e  i n  o p t i c a l  d e n s i t y  (O .D .)  p e r  h o u r  ( h r )  v s .  
t e m p e r a t u r e  was t h e  p a r a m e te r  m e a s u re d .  C e l l s  from a  c u l t u r e  i n c u b a t e d  
a t  5°C and  grown to  m id - lo g  p h a s e  w ere  u sed  t o  i n o c u l a t e  s t e r i l e  f l a s k s  
o f  t r y p t i c a s e  so y  b r o t h  w h ich  w e re  s u b s e q u e n t l y  in c u b a te d  a t  1°C , 5°C , 
10°C, 16°C , 23°C, 34°C, 42°C , and 45°C . Growth was o b s e r v e d  a t  a l l  o f  
t h e s e  t e m p e r a t u r e s  w i t h  t h e  e x c e p t i o n  o f  1°C and 45°C. At t h e s e  two 
t e m p e r a t u r e s  no g ro w th  was n o t e d  i n  s p i t e  o f  i n c u b a t i o n  p e r i o d s  l a s t i n g  
up to  2 d a y s ;  ho w ev er ,  when c e l l s  from c u l t u r e s  grown a t  37°C and  42°C 
w ere  u s e d  t o  i n o c u l a t e  f l a s k s  t h a t  w ere  l a t e r  in c u b a te d  a t  45°C , good 
g ro w th  was o b s e rv e d  w i t h i n  8 h o u r s .  S in c e  g ro w th  o c c u r r e d  a t  45°C o n ly  
when t h e  i n c u b a t i o n  t e m p e r a t u r e  o f  t h e  c e l l s  u sed  a s  in o cu lu m  was 37°C 
o r  42°C , t h i s  may e x p l a i n  t h e  f a i l u r e  o f  s e v e r a l  w o rk e rs  i n  d e t e c t i n g  
g ro w th  a t  t e m p e r a t u r e s  h i g h e r  t h a n  41°C. When c e l l s  from  c u l t u r e s  grown 
a t  45°C w ere  u s e d  t o  i n o c u l a t e  s t e r i l e  b r o t h  t u b e s  t h a t  w ere  l a t e r  
i n c u b a t e d  a t  5°C and 50°C, g ro w th  was o b s e r v e d  a t  5°C b u t  n o t  a t  50°C. 
Thus t h e  u p p e r  l i m i t  o f  g ro w th  f o r  t h i s  o rg a n is m  i s  w i t h i n  t h e  45°C t o  
50°C t e m p e r a t u r e  r a n g e .  The lo w e r  t e m p e r a t u r e  l i m i t  o f  g ro w th  o f  Y.
22
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e n t e r o c o l i t i c a  r e m a in s  t o  b e  d e f i n e d .  Our d a t a  i n d i c a t e d  t h a t  t h i s  
o rg a n ism  c o u ld  grow a t  4°C; ho w ev er ,  no g ro w th  was o b se rv e d  a t  1°C. A 
l o n g e r  I n c u b a t i o n  p e r io d  and  a  way t o  c i r c u m v e n t  t h e  f r e e z i n g  p o i n t  o f  
w a te r  may b e  r e q u i r e d  to  e l u c i d a t e  t h e  lo w e s t  l i m i t  o f  g row th  temp­
e r a t u r e  f o r  t h i s  o rg a n is m .  The optimum t e m p e r a t u r e  o f  g ro w th  o f  Y. 
e n t e r o c o l i t i c a  was o b s e r v e d  a t  35°C.
ANALYSIS OF YERSINIA ENTEROCOLITICA CELLS
The r e s u l t s  o f  v a r i o u s  a n a l y s i s  o f  t h e  c o m p o s i t io n  o f  Y. e n t e r -  
o c o l i t i c a  a t  5°C, 22°C, and  37°C a r e  r e p o r t e d  i n  T a b le  1 .  T h i s  o rg a n is m  
had a  w a te r  c o n t e n t  o f  79% to  82% o f  i t s  t o t a l  w e t  w e ig h t .  P h o s p h o l i p i d  
c o n s t i t u e n t s  made up 6% to  9% o f  t h e  d ry  w e ig h t ;  w h e rea s  p r o t e i n ,  t h e  
m a jo r  c o n s t i t u e n t  d e t e c t e d ,  made up 46% to  56% o f  t h e  d r y  w e ig h t  o f  t h i s  
o rg a n is m .  A ssay  f o r  f r e e  f a t t y  a c i d s  (FFA) i n  sam p le s  o f  t o t a l  l i p i d s  
e x t r a c t e d  from 22°C and 37°C c e l l s ,  i n d i c a t e d  t h a t  t h i s  o rg a n is m  con­
t a i n e d  o n ly  v e r y  s m a l l  am ounts  o f  f a t t y  a c i d s  in  t h e  f r e e  form (T a b le  
1 ) .  T h is  s u g g e s te d  t h a t  t h e  m a j o r i t y  o f  t h e  f a t t y  a c i d s  i n  t h i s  o rg a n ism  
w ere  found  p r i m a r i l y  e s t e r i f i e d  to  membrane p h o s p h o l i p i d s .
PHOSPHOLIPIDS OF YERSINIA ENTEROCOLITICA
The m a jo r  p h o s p h o l i p id  g ro u p s  d e t e c t e d  i n  e n t e r o c o l i t i c a  by
s i l i c i c  a c id  p a p e r  c h ro m a to g rap h y  w ere  p h o s p h a t i d y l e t h a n o l a m i n e ,  p h o s -
p h a t i d y l g l y c e r o l ,  and c a r d i o l i p i n  ( d i p h o s p h a t i d y l g l y c e r o l ) . O th e r
p h o s p h o l i p id s  d e t e c t e d  c o r r e s p o n d e d  t o  l y s o p h o s p h a t i d y l e th a n o l a m i n e  and
l y s o p h o s p h a t i d y l g l y c e r o l .  T hese  p h o s p h o l i p id s  w e re  found  i n  s m a l l
-4
am ounts (T a b le  2 ) .  I n  c e l l s  t h a t  w ere  washed w i th  0.3% N aC l-lO  M EDTA 
p r i o r  t o  t h e  e x t r a c t i o n  o f  l i p i d s ,  s m a l l e r  am ounts  o f  t h e s e  two p h o s ­
p h o l i p i d s  w ere  fo u n d .  L y s o p h o s p h a t id y l e th a n o la m in e  was d e t e c t e d  in
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g r e a t e r  am ounts  t h a n  l y s o p h o s p h a t i d y l g l y c e r o l  i n  a l l  p r e p a r a t i o n s .  
ED T A -trea ted  c e l l s  c o n t a i n e d  more p h o s p h a t i d y l e t h a n o l a m i n e .  T h i s  was 
co u p le d  w i t h  a d e c r e a s e  i n  i t s  l y s o  p r o d u c t .  T hese  o b s e r v a t i o n s  su g ­
g e s t e d  t h a t  l y s o p h o s p h a t i d y l e th a n o l a m i n e  and l y s o p h o s p h a t i d y l g l y c e r o l  
w ere  t h e  p r o d u c t s  o f  p h o s p h o l i p a s e  a c t i v i t y .
The m a jo r  p h o s p h o l i p id  component o f  e n t e r o c o l i t i c a  c e l l s  was 
p h o s p h a t i d y l e t h a n o l a m i n e  (PE) (70% to  80%). C a r d i o l i p i n  (CL) and 
p h o s p h a t i d y l g l y c e r o l  (PC) made up a p p r o x im a te ly  e q u a l  am ounts  (10% t o  
15%). The p h o s p h o l i p id  c o m p o s i t io n  o f  Y. e n t e r o c o l l t i c a  i s  t h u s  s i m i l a r  
t o  t h a t  o f  t h e  c l o s e l y  r e l a t e d  e n t e r i c  g r a m - n e g a t iv e  ro d - s h a p e d  o r ­
gan ism , JE. c o l i  ( 1 2 ) .  Growth t e m p e r a t u r e  had no a p p a r e n t  e f f e c t  on t h e  
c o n c e n t r a t i o n  o f  t h e s e  p h o s p h o l i p i d s  i n  t h e  d i f f e r e n t  p r e p a r a t i o n s .
FATTY ACIDS OF YERSINIA ENTEROCOLITICA
The f a t t y  a c i d s  d e t e c t e d  i n  c e l l s  o f  e n t e r o c o l i t i c a  grown a t  5°
C, 22°C, and  37°C and  a n a ly z e d  by g a s - l i q u i d  ch ro m a to g rap h y  (GLC) a r e  
l i s t e d  i n  T a b le  3. The m a jo r  f a t t y  a c i d s  found  i n  t h i s  o rg a n is m  were 
C 1 6 : l ,  C 1 6 :0 ,  C 1 7 :0 ,  and C 1 8 : l .  No b ra n c h e d  o r  c y c lo p r o p a n e  s i d e  c h a i n  
f a t t y  a c i d s  w e re  d e t e c t e d .
The f o l l o w i n g  c h a n g es  i n  t h e s e  f a t t y  a c i d s  w ere  o b s e r v e d  i n  t h e  
above p r e p a r a t i o n s .  At 5°C, t h e  u n s a t u r a t e d  f a t t y  a c i d s  ( C 1 6 : l  and 
C 1 8 : l )  p r e d o m in a te d ;  w h e rea s  a t  22°C, t h e r e  was a d e c l i n e  i n  t h e s e  f a t t y  
a c i d s  c o u p le d  w i th  an  i n c r e a s e  i n  t h e  f a t t y  a c i d s  C12:0 th ro u g h  C 15 :0 .  
When co m p ar in g  membrane l i p i d  f a t t y  a c id  c o m p o s i t io n s  o f  c e l l s  grown a t  
37°C w i t h  t h o s e  grown a t  22°C, a t  37°C t h e r e  was a d e c r e a s e  i n  t h e  
f o l lo w in g  f a t t y  a c i d s  -  C 12 :0 ,  C 13 :0 ,  C 14:0 ,  C 1 5 :0 ,  C 1 6 : l ,  and C 1 8 : l  -  
and m arked i n c r e a s e s  i n  t h e  lo n g  c h a in  s a t u r a t e d  f a t t y  a c i d s  € 1 6 :0  and
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C 17:0 .  The c h a n g e s  n o te d  above  w e re  c o n s i s t e n t  w i t h  p r e v io u s  o b s e r v ­
a t i o n s  made i n  s e v e r a l  o t h e r  o rg a n is m s  -  t h a t  ch a n g es  i n  t e m p e r a t u r e  
r e s u l t e d  i n  i n c o r p o r a t i o n  o r  s y t h e s i s  o f  f a t t y  a c i d s  t h a t  d i f f e r e d  i n  
t h e i r  p h y s i c a l  p r o p e r t i e s .
LIPID PHASE TRANSITIONS IN YERSINIA ENTEROCOLITICA
DSC s c a n s  o f  t o t a l  l i p i d s  e x t r a c t e d  and o f  c e l l  membrane p r e p a r ­
a t i o n s  a r e  i l l u s t r a t e d  i n  F ig u r e  6 and F ig u r e  7. These  s c a n s  c o n f irm e d  
t h e  e x i s t e n c e  o f  r e v e r s i b l e  t h e r m o t r o p i c  g e l  t o  l i q u i d - c r y s t a l l i n e  p h a s e  
t r a n s i t i o n s  i n  Y. e n t e r o c o l i t i c a  c e l l s  from c u l t u r e s  grown a t  5°C , 22°C, 
and 37°C. The t r a n s i t i o n s  i n  c e l l  membrane p r e p a r a t i o n s  o c c u r r e d  o v e r  
a  w ide r a n g e  o f  t e m p e r a t u r e s  (-29°C  t o  8 ° C ) . The m id p o in t s  (Tm) o f  t h e  
t r a n s i t i o n s  i n  t h e  above p r e p a r a t i o n s  from 5°C, 22°C, and 37°C w ere  a t  -  
13°C, -9 °C ,  and  1°C r e s p e c t i v e l y .  The lo w er  and th e  u p p e r  b o u n d a r i e s  i n  
t h e s e  p r e p a r a t i o n s  w ere  from -29°C  to  -8 ° C ,  -2 4 °C  t o  -4 °C ,  and from  - 1 8 °  
C t o  8°C r e s p e c t i v e l y .  T hese  t r a n s i t i o n s  w ere  s i m i l a r  t o  t h o s e  d e t e c t e d  
i n  t o t a l  e x t r a c t e d  l i p i d  p r e p a r a t i o n s ;  h ow ever ,  t h e  l a t t e r  t r a n s i t i o n s  
o c c u r r e d  o v e r  a n a r ro w e r  ra n g e  o f  t e m p e r a t u r e s  (-1 8 °C  to  8 ° C ) . The 
m id p o in t s  (Tm) o f  t h e  t r a n s i t i o n s  i n  l i p i d  e x t r a c t i o n s  from  5°C, 22°C, 
and 37°C w ere  -3 ° C ,  1°C, and 1°C r e s p e c t i v e l y ;  w h e re a s ,  t h e  lo w er  a s  
w e l l  a s  t h e  u p p e r  b o u n d a r ie s  w ere  -18°C  t o  0°C, -12°C  to  4°C , and -10°C  
t o  8°C r e s p e c t i v e l y .  A common f e a t u r e  o f  a l l  o f  t h e  t r a n s i t i o n s  d e t e c ­
t e d  was t h a t  th e y  w ere  co m p le ted  e n t i r e l y  o r  n e a r l y  e n t i r e l y  a t  t h e  
l o w e s t  t e m p e r a t u r e  o f  g row th  s t u d i e d .
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F ig u r e  1 .  Growth Curve o f  Y e r s i n i a  e n t e r o c o l i t i c a  a t  5°C.
An ER f l a s k  c o n t a i n i n g  500 m is  o f  s t e r i l e  TSB was i n o c u l a t e d  
w i t h  50 m is  o f  a  m id - lo g  p h a s e  c u l t u r e  o f  Y e r s i n i a  e n t e r o c o ­
l i t i c a  grown a t  room t e m p e r a t u r e .  Then t h e  f l a s k  was i n c u ­
b a t e d  a t  5°C w i t h  m o d e ra te  s h a k in g .  Samples o f  4 t o  5 ml 
e a c h  w ere  removed a t  r e g u l a r  i n t e r v a l s  and r e a d  a t  600 nm 
u s i n g  a  Coleman J u n i o r  I I  S p e c t r o p h o to m e te r .  The ab o v e  i s  
a  p l o t  o f  o p t i c a l  d e n s i t y  (O .D .)  r e a d i n g s  v s .  t im e  ( t ) .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
27
S\o
0
•H
I
o
s
•H4JO.o
.8
6
.4
. 2
0
0 2 4 6 8 16 1812 1410
t im e  ( t )
F ig u r e  2 .  Growth C urve o f  Y e r s i n i a  e n t e r o c o l l t i c a  a t  22°C.
A one l i t e r  (1 )  volum e o f  s t e r i l e  TSB was i n o c u l a t e d  w i t h  
100 m is  o f  a  e n t e r o c o l i t i c a  c u l t u r e  grown a t  room tem p­
e r a t u r e  t o  m id - lo g  p h a s e .  T h ese  c e l l s  w ere  t h e n  grown i n  
a  two l i t e r  f e r m e n to r  j a r  w i t h  a g i t a t i o n  s e t  a t  400 rpm , 
and a e r a t i o n  a t  2500 c c /m in .  Sam ples o f  4 t o  5 ml w e re  
removed a t  r e g u l a r  i n t e r v a l s  and r e a d  a t  600 nm u s i n g  a  
Coleman J u n i o r  I I  S p e c t r o p h o to m e te r .  The above  i s  a  p l o t  
o f  o p t i c a l  d e n s i t y  r e a d i n g s  v s .  t im e .
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F ig u r e  3.
t im e  ( t )
Growth Curve o f  Y e r s i n i a  e n t e r o c o l i t i c a  a t  37°C.
A one l i t e r  (1 )  volum e o f  s t e r i l e  TSB was i n o c u l a t e d  w i t h  
100 m is  o f  a  e n t e r o c o l i t i c a  c u l t u r e  grown a t  room temp­
e r a t u r e  t o  m i d - l o g  p h a s e .  T hese  c e l l s  w e re  t h e n  grown i n  
a  two l i t e r  f e r m e n t o r  j a r  w i t h  a g i t a t i o n  s e t  a t  400 rpm , 
and a e r a t i o n  a t  2500 c c /m in .  Sam ples o f  4 t o  5 ml w ere  
removed a t  r e g u l a r  i n t e r v a l s  and r e a d  a t  600 nm u s i n g  a  
Coleman J u n i o r  I I  S p e c t r o p h o to m e te r .  The above i s  a  p l o t  
o f  o p t i c a l  d e n s i t y  r e a d i n g s  v s .  t im e .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
29
5
0 )w
s
x:w
I
O
.2
.1
0
0 5 10 15 20 25 35 4030
T e m p e ra tu re  (°C)
F ig u r e  4 .  The Growth R a te  o f  Y e r s i n i a  e n t e r o c o l l t i c a  a t  
5°C, 22°C, and 37°C.
Growth r a t e s  w ere  d e te rm in e d  f o r  c e l l s  a t  5°C , 22°C , and 
37°C. The g ro w th  c o n d i t i o n s  w e re  a s  d e s c r i b e d  i n  d e t a i l  
i n  t h e  "Methods and  M a t e r i a l s "  s e c t i o n .  Growth r a t e s  
w e re  c a l c u l a t e d  u s i n g  t h e  f o l l o w i n g  f o r m u la :  (g ro w th
r a t e  = k )
lo g 10 O.D. t 2  - logjLQ O.D. t ^
t 2  -  t j
The O.D. v a l u e s  w ere  o b t a i n e d  from  t h e  l i n e a r  p o r t i o n  o f  
t h e  p l o t t e d  c u r v e s  o f  O.D. v s .  t im e  ( t )  o f  c e l l s  grown a t  
5°C , 22°C , and  37°C. ( F i g u r e s  1 ,  2 ,  3 ) .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
30
50
X
o
d
40 4520 25 30 3510 150 5
T e m p e ra tu re  (°C)
F ig u r e  5 .  The Growth Range o f  Y e r s i n i a  e n t e r o c o l i t i c a .
The g ro w th  r a n g e  was d e t e r m in e d  from  a  p l o t  o f  t h e  c h a n g e  
i n  o p t i c a l  d e n s i t y  (O .D .)  p e r  h o u r  ( h r . )  x  1000 v s .  Temp­
e r a t u r e  f o r  c u l t u r e s  grown a t  1°C , 5°C , 10°C, 16°C , 23°C , 
34°C , 42°C, and  45°C. The s i z e  o f  in o cu lu m , medium, and  
g ro w th  c o n d i t i o n s  w ere  r e p o r t e d  i n  t h e  "M ethods and  
M a t e r i a l s "  s e c t i o n .  C e l l s  grown a t  1°C and 45°C w ere  
i n c u b a t e d  up t o  48 h o u r s ;  y e t  no g ro w th  was o b s e r v e d  a t  
t h e s e  t e m p e r a t u r e s .
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T a b le  1
A n a ly s is  o f  Y e r s in ia  e n t e r o c o l l t i c a  C e lls®
Grow th T e m p e ra tu re  
Component 5
(°c )
22 37
W ater c o n te n t®  8 1 .5 7 9 .3 7 9 .6
T o ta l  l i p i d
p h o sp h o ru s^  9 .4 7 .3 6 .1
T o ta l  p ro te in ®  4 9 .3 4 6 .4 5 5 .6
F re e  f a t t y  a c id s ^  ND 0 .0 0 3 0 . 002
a  num bers r e p r e s e n t  p e r c e n t  o f  t o t a l  w e t w e ig h t
b t o t a l  p h o s p h a te  l i p i d s  r e p o r t e d  a r e  e x p re s s e d  a s  p e r c e n t  mg o f  p h o s­
p h a te  p e r  mg o f  d ry  w e ig h t
c p r o t e i n  c o n te n t  i s  r e p o r t e d  a s  p e r c e n t  mg o f  p r o t e i n  p e r  mg o f  d ry  
w e ig h t
d f r e e  f a t t y  a c id s  a r e  r e p o r t e d  a s  m i l l i e q u i v a l e n t  (meq) o f  f r e e  f a t t y  
a c id s  (FFA) p e r  mg o f  p h o s p h a te  l i p i d .  ND * n o t d o n e .
e  th e s e  d e te r m in a t io n s  w ere  c a r r i e d  o u t  on 100 ml vo lum es o f  Y e r s in ia  
e n t e r o c o l i t i c a  c e l l s  h a r v e s te d  i n  m id - lo g  p h a se  (O.D. o f  0 .5 0 0  a t  
600 nm ). A l l  o f  t h e  p ro c e d u re s  u se d  i n  th e s e  d e te r m in a t io n s  w e re  
d e s c r ib e d  i n  d e t a i l  i n  "M ethods an d  M a te r i a l s "  s e c t i o n .
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T a b le  2
P h o s p h o lip id s  o f  Y e r s in ia  e n t e r o c o l i t i c a * -
G row th T e m p e ra tu re  (°C) P e rc e n ta g e  P h o s p h o lip id  Com position® L
PG^ CL PE LPG & LPE
5 1 0 .6 1 3 .2 7 2 .7 3 .4
22 9 .0 1 3 .0 7 2 .9 5 .2
37 1 1 .6 1 1 .4 7 6 .4 1 .0
a  The v a lu e s  r e p r e s e n t  p e r c e n t  o f  t o t a l  p h o s p h o l ip id  c o m p o s itio n
b PG = p h o s p h a t i d y l g ly c e r o l ;  CL = c a r d i o l i p i n ;  PE = p h o s p h a t id y le th a n o ­
la m in e ;  LPG = ly s o p h o s p h a t id y lg ly c e r o l ;  LPE = ly s o p h o s p h a t id y le th a n o la m in e
c  The a n a l y s i s  o f  t h e  p h o s p h o l ip id  h ead  g ro u p s  o f  t o t a l  e x t r a c t e d  l i p i d s  
o f  Y e r s in ia  e n t e r o c o l i t i c a  c e l l s  grown a t  5 °C , 22°C , and 37°C w ere 
c a r r i e d  o u t  u s in g  s i l i c i c  a c id  p a p e r  c h ro m a to g ra p h y . The p ro c e d u re s  
u s e d  i n  d e te r m in in g  th e  p e r c e n t  o f  t o t a l  p h o s p h o l ip id  c o m p o s it io n  
c o n t r ib u t e d  by th e  p h o s p h o l ip id  head  g ro u p s  d e t e c t e d  w ere  o u t l in e d  in  
th e  "M ethods and  M a te r i a l s "  s e c t i o n .
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T a b le  3
F a t ty  a c id  c o m p o s it io n  o f  th e  t o t a l  mem brane l i p i d s  o f  Y e r s in ia  e n te r o -  
c o l l t l c a ^
F a t ty  a c id  
m e th y l e s t e r s  ^ 5
T e m p e ra tu re  o f  Growth 
22
(°C )
37
U n id e n t i f i e d t r t r t r
1 2 :0 2 .2 6 .9 3 .9
1 3 :0 1 .7 4 .3 2 .4
1 4 :0 2 .2 4 .7 4 .2
1 5 :0 0 .9 2 .7 2 .0
1 6 :1 4 3 .3 2 9 .8 1 5 .2
1 6 :0 2 1 .1 2 1 .4 3 4 .7
1 7 :0 1 .8 4 .4 2 4 .0
1 8 :1 2 5 .9 2 1 .5 1 1 .2
1 9 :0 0 .8 4 .4 2 .2
R a t io  o f  USFA^/SFA 2 .2 1 .1 0 .4
The a n a l y s i s  o f  f a t t y  a c id  m e th y l e s t e r s  (FAME) d e r iv e d  fro m  t o t a l  
l i p i d s  e x t r a c t e d  from  5°C , 22°C , and 37°C c e l l s  and p r e p a re d  a s  
d e s c r ib e d  In  th e  "M ethods and M a t e r i a l s "  s e c t i o n ,  was c a r r i e d  o u t  
u s in g  a  V a r ia n  A e ro g rap h  g a s - l l q u l d  c h ro m a to g ra p h  e q u ip p e d  w i th  a  
f la m e  I o n i z a t i o n  d e t e c t o r  (F ID ). C h ro m a to g ra p h ic  a n a ly s e s  w ere  
c a r r i e d  o u t  w i th  a  6 f t .  x  1 /8  I n .  s t a i n l e s s  s t e e l  c a p i l l a r y  co lum n 
c o a te d  w i th  3% S E -3 0 , m esh 1 0 0 /1 2 0 . The c o n d i t io n s  o f  t h e  a n a ly s e s  
w ere  r e p o r t e d  a b o v e . The r e l a t i v e  a r e a  p e r c e n ta g e s  w ere  d e te rm in e d  
by a  H e w le tt  P a c k a rd  3380A I n t e g r a t o r .  The FAME com ponen ts w ere  
I d e n t i f i e d  by co m p arin g  t h e i r  r e t e n t i o n  t im e s  t o  th o s e  o f  e s t a b l i s h e d  
s t a n d a r d s  and t h e i r  I d e n t i t i e s  r e c o n f irm e d  by c o - l n j e c t l o n s  o f  s t a n ­
d a r d s  and  unknown s a m p le s .
T h ese  v a lu e s  r e p r e s e n t  th e  r a t i o  o f  th e  sum o f  a l l  u n s a t u r a te d  f a t t y  
a c id s  d e t e c t e d  to  t h a t  o f  s a t u r a t e d  f a t t y  a c i d s .  T h ese  sums w ere  
o b ta in e d  by  a d d in g  th e  p e r c e n t  c o n t r i b u t i o n  o f  th e s e  f a t t y  a c i d s .
c Number o f  c a rb o n  atom s = num ber o f  d o u b le  b o n d s .
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(a )  5°C TLE
> > {
(b )  22°C TLE
(c )  37°C TLE
- (d ) 37°C TLE
from  E. c o l l
-6 0 -4 0 0 6020 40-20
F ig u re  6 . T e m p e ra tu re -b a s e  therm ogram s o f  t o t a l  l i p i d s  e x t r a c t e d  o f  Y e r s in ia  
e n t e r o c o l i t i c a  grown a t  5°C , 22°C , and  37°C and o f  E s c h e r i c h i a  c o l i  
grown a t  37°C.
The lo w e s t  b o u n d a ry , t r a n s i t i o n  m id p o in t ,  and u p p e r  b o u n d a ry  o f  th e  
p h a s e  t r a n s i t i o n  a r e  d e n o te d  by a r ro w s  and  th e  sym bols T ^, T ^ , and 
T^ r e s p e c t i v e l y .  Second s c a n s  o f  th e  same sam p les  c o n d u c te d  upon 
c o o l in g  w ere  e s s e n t i a l l y  th e  same e x c e p t  t h a t  th e  e n t i r e  t r a n s i t i o n s  
w ere  s h i f t e d  by 1 to  2 d e g re e s  C to  lo w e r te m p e r a tu r e s .  The t o t a l  
l i p i d s  e x t r a c t e d  w ere  p re p a re d  f o r  DSC a s  d e s c r ib e d  i n  "M ethods and 
M a te r i a l s "  s e c t i o n .  The m ass o f  th e  sam p le s  scan n ed  ra n g e d  from  3 .7  
to  6 .7  mg a s  d e te rm in e d  by a  P e rk in -E lm e r  A u to b a la n c e  M odel AD-2.
A l l  sam p les  sca n n ed  w ere  su sp en d e d  i n  a  50% e th y le n e  g ly c o l - w a te r  
m ix tu r e .  S cans w ere  co n d u c te d  a t  a  h e a t in g  r a t e  o f  5 °C /m in . and  a 
f u l l  s c a l e  s e n s i t i v i t y .
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ü (a )  5C CMP
I
(b ) 22C CMP
(c )  37% CMP
(d )  30% e th y le n e  g ly c o  
w a te r  m ix tu r e
o
40-4 0 600—60 20- 2 0
T e m p e ra tu re  o f  R e fe re n c e  ( C)
F ig u r e  7 . T e m p e ra tu re -b a s e  therm ogram s o f c e l l  membrane p r e p a r a t i o n  o f  Y e r s in ia  
e n t e r o c o l i t i c a  grown a t  5 °C , 22°C , and 37°C. A s c a n  o f  t h e  medium 
i n  w h ich  th e s e  p r e p a r a t i o n s  w ere  su sp en d ed  i s  a l s o  shown ( d ) .
The lo w e s t  b o u n d a ry , t r a n s i t i o n  m id p o in t ,  and u p p er b o u n d a ry  o f  th e  
p h a se  t r a n s i t i o n  a r e  d e n o te d  by a rro w s  and th e  sym bols T g , T^^, and  
T j r e s p e c t i v e l y .  Second s c a n s  o f  th e  same p r e p a r a t i o n s  c o n d u c te d  
upon c o o l in g  w ere  e s s e n t i a l l y  th e  same e x c e p t  t h a t  th e  e n t i r e  t r a n ­
s i t i o n s  w ere  s h i f t e d  by 1 t o  2 d e g re e s  C to  lo w er t e m p e r a tu r e s .
C e l l  membrane p r e p a r a t i o n s  (CMP) w ere  p re p a re d  a c c o rd in g  to  th e  
m ethod o f  K aback . The m ass o f  th e  sam p les  scan n ed  ra n g e d  from  2 .7  
to  6 .9  mg a s  d e te rm in e d  by a  P e rk in -E lm e r  A u to b a la n c e  M odel A D-2.
A l l  sam p les  sca n n ed  w ere  su sp e n d e d  in  a 50% e th y le n e  g ly c o l - w a te r  
m ix tu r e .  S cans w ere c o n d u c te d  a t  a  h e a t in g  r a t e  o f  3 C /m in . and 
a  f u l l - s c a l e  s e n s i t i v i t y  o f  1 m c a l / s e c .
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CHAPTER IV 
DISCUSSION
The r e l a t i o n s h i p  b e tw een  th e  g ro w th  te m p e r a tu r e ,  m embrane l i p i d  
c o m p o s it io n ,  and membrane l i p i d  p h a se  t r a n s i t i o n s  was i n v e s t i g a t e d  in  Y. 
e n t e r o c o l i t i c a . As a  p a r t  o f  t h i s  i n v e s t i g a t i o n ,  membrane l i p i d s  w ere 
a n a ly z e d  f o r  p o la r  p h o s p h o l ip id  h ead  g ro u p s . The r e s u l t s  i n d i c a t e d  t h a t  
th e  m a jo r p h o s p h o l ip id  g ro u p s  found  i n  Y. e n t e r o c o l i t i c a  w ere  p h o s­
p h a t id y le th a n o la m in e ,  p h o s p h a t id y lg ly c e r o l ,  and c a r d i o l i p i n .  T h ese  w ere  
th e  same a s  th o s e  r e p o r te d  f o r  E . c o l i  (1 2 ) .  O th e r  p h o s p h o l ip id  g ro u p s  
d e t e c t e d  i n  t h i s  o rg a n ism  c o rre s p o n d e d  to  ly s o p h o s p h a t id y lg ly c e r o l  and 
ly s o p h o s p h a t id y le th a n o la m in e .  T h ese  p h o s p h o l ip id s  w ere found  i n  sm a ll  
am ounts and t h e i r  c o n t r i b u t i o n  to  th e  t o t a l  p h o s p h o l ip id  c o m p o s it io n  o f  
Y. e n t e r o c o l i t i c a  fo llo w e d  no r e c o g n iz a b le  p a t t e r n .  T h is  s u g g e s te d  to  
us t h a t  th e  p re s e n c e  o f  th e s e  p h o p h o l ip id s  m ig h t b e  due to  th e  a c t i v a t i o n  
o f  a p h o s p h o l ip a s e .  When t h e  e x t r a c t i o n  p ro c e d u re  was m o d if ie d  i n  o rd e r  
to  i n h i b i t  p h o s p h o l ip a s e  a c t i v i t y ,  o n ly  t r a c e  am ounts o f  th e s e  p h o s­
p h o l ip id s  w ere  d e t e c t e d .  T h ese  i n  tu r n  m ig h t be due to  th e  p ro c e d u re  
u t i l i z e d  i n  e x t r a c t i n g  l i p i d s  from  c e l l s .
The r e s u l t s  o f  p h o s p h o l ip id  a n a ly s i s  showed t h a t  g ro w th  te m p e ra tu re  
had  no e f f e c t  on th e  c o n c e n t r a t i o n s  o f  th e  p h o s p h o l ip id  h ead  g roup  
c o m p o s itio n  i n  Y. e n t e r o c o l i t i c a . T h is  s u g g e s te d  to  u s  t h a t  membrane 
p h o s p h o l ip id  h ead  g ro u p s  w ere  n o t  in v o lv e d  i n  r e g u la t i n g  th e  f l u i d i t y  o f 
membrane l i p i d s  i n  t h i s  o rg a n is m . T h is  in v o lv e m e n t;  h o w ev er, c o u ld  n o t 
be a l t o g e t h e r  r u le d  o u t  s in c e  a number o f f a c t o r s  may in f lu e n c e  th e  
f l u i d i t y  and p h y s ic a l  s t a t e  o f  p h o s p h o l ip id  b i l a y e r s .  T h ese  f a c t o r s  
in c lu d e  th e  b in d in g  o f  d i v a l e n t  c a t i o n s ,  p r o t e i n s ,  o r  c h o l e s t e r o l  to
36
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p h o s p h o l ip id  head  g ro u p s ;  c h a n g e s  i n  pH o r  i o n i c  s t r e n g t h  o f  th e  medium 
in  w hich  th e s e  p h o s p h o l ip id s  a r e  su sp e n d e d ; ch a n g e s  in  th e  r e l a t i v e  
c o n c e n t r a t io n s  o f  th e  p o l a r  p h o s p h o l ip id  h ead  g ro u p s  in  th e  p r e p a r a t i o n s  
s tu d i e d ;  and th e  s t a t e  o f  i o n i z a t i o n  and h y d r a t io n  o f  t h e s e  g ro u p s  (1 4 , 
21 , 4 1 , 5 9 , 6 7 , 8 0 , 8 1 , 8 2 ) .
S in c e  f a t t y  a c id s  and g ro w th  te m p e r a tu r e  a l s o  i n f lu e n c e  th e  p h y s i c a l  
s t a t e  and f l u i d i t y  o f  membrane l i p i d s ,  t o t a l  l i p i d  e x t r a c t i o n s  from  Y. 
e n t e r o c o l i t i c a  c e l l s  grown a t  5°C , 22°C , and 37°C w ere a n a ly z e d  f o r  
t h e i r  f a t t y  a c id  c o m p o s i t io n .  The r e s u l t s  i n d i c a t e d  t h a t  Y. e n t e r ­
o c o l l t i c a  a l t e r e d  i t s  f a t t y  a c id  c o m p o s it io n  i n  re s p o n s e  t o  c h a n g e s  i n  
grow th  te m p e r a tu r e  i n  th e  c h a r a c t e r i s t i c  p a t t e r n  d e s c r ib e d  ab o v e . At 5° 
C, th e  u n s a tu r a te d  f a t t y  a c id s  (C 1 6 :l  and C 1 8 :l)  p re d o m in a te d , w h e reas  
a t  22°C , t h e r e  was a  d e c l i n e  i n  t h e s e  f a t t y  a c id s  co u p le d  w i th  an  
in c r e a s e  i n  th e  f a t t y  a c id s  C 12:0  th ro u g h  C 15:0  (T a b le  3 ) .  T h ese  
ch a n g es  s u g g e s te d  to  u s  t h a t  th e  f a t t y  a c id  c o m p o s it io n  c o u ld  b e  in v o lv e d  
i n  a d a p t in g  th e  f l u i d i t y  o f  membrane l i p i d s  i n  t h i s  o rg a n ism  i n  r e s p o n s e  
to  c h a n g es  i n  g ro w th  te m p e r a tu r e .  The p u rp o se  o f t h i s  te m p e r a tu r e  a c c l im ­
a t i z a t i o n  w ould  b e  to  p ro d u c e  l i p i d s  o f  th e  p ro p e r  c o m p o s it io n  c o m p a tib le  
w ith  c e l l  f u n c t io n s  (1 2 , 4 6 ) .
The r e l a t i o n s h i p  b e tw een  g ro w th  te m p e ra tu re  and membrane l i p i d  
c o m p o s itio n  h a s  b een  r e c o g n iz e d  f o r  a lo n g  t im e . As e a r l y  a s  1924 , 
H e ilb ru n n  p ro p o se d  t h a t  th e  m e l t in g  te m p e ra tu re  o f  p lasm a l i p i d s  d e t e r ­
m ined th e  m axim al te m p e r a tu r e  f o r  g row th  o f  an  o rg a n ism  (2 4 , 4 2 ) .  
B eh eh rad ek  i n  1931 f u r n is h e d  f u r t h e r  s u p p o r t  f o r  t h i s  a rg u m en t (2 4 , 4 2 , 
6 9 ) .  In  1947, G aughran  p ro p o se d  t h a t  th e  m in im al te m p e ra tu re  o f  g row th  
o f  an  o rg a n ism  was s e t  by i t s  membrane l i p i d  c o m p o s itio n  ( 4 2 ) .  H is
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s t u d i e s  o f  l i p i d  c o m p o s it io n  o f  s t e n o -  and  e u r i t h e r m o p h i l i c  b a c t e r i a  
s u g g e s te d  t h a t  c e l l s  c o u ld  n o t  grow a t  te m p e r a tu r e s  a t  w h ich  t h e i r  
l i p i d s  w ere i n  a g e l  s t a t e .
S tu d ie s  o f  p l a n t s ,  i n s e c t s ,  and b a c t e r i a l  c e l l s  r e v e a le d  t h a t  
l i p i d s  i n  t h e s e  o rg a n ism s  v a r ie d  w ith  th e  g ro w th  te m p e ra tu re  ( 4 2 ) .  
In c r e a s e d  p r o p o r t io n s  o f u n s a tu r a te d  f a t t y  a c id s  w ere d e t e c t e d  i n  
m em brane l i p i d s  o f  o rg a n ism s  upon lo w e r in g  t h e i r  g row th  te m p e ra tu re  
( 4 2 ) .  T h ese  f a t t y  a c id s  w ere a l s o  o b s e rv e d  to  p re d o m in a te  in  m em brane 
l i p i d s  o f  o rg a n ism s  t h a t  n o rm a lly  grow a t  low  te m p e r a tu r e s  (4 2 ) .
I n  1962 , i n  a lan d m ark  p u b l i c a t i o n ,  M arr and Ingraham  s u g g e s te d  
t h a t  t h e r e  was a d i r e c t  r e l a t i o n s h i p  b e tw e en  th e  f a t t y  a c id  c o m p o s it io n  
and  g ro w th  te m p e ra tu re  i n  E s c h e r ic h ia  c o l i  ( 4 2 ) .  T hese w o rk e rs  w ere  th e  
f i r s t  to  s u g g e s t  th e  in v o lv e m e n t o f  f a t t y  a c id s  i n  a d a p tin g  an  o rg a n ism  
f o r  g ro w th  a t  a g iv e n  te m p e r a tu r e .  The o v e r a l l  p a t t e r n  t h a t  th e y  
d e t e c t e d  i n  E. c o l i  was o f  an  i n c r e a s e  in  u n s a tu r a te d  and  c y c lo p ro p a n e  
f a t t y  a c id s  w i th  a d e c r e a s e  i n  t e m p e r a tu r e ;  w h e re a s  an i n c r e a s e  i n  
te m p e r a tu r e  r e s u l t e d  p r im a r i l y  in  an  i n c r e a s e  in  s a t u r a t e d  f a t t y  a c i d s .
Numerous s t u d i e s  o f  u n s a tu r a te d  f a t t y  a c id  m u ta n ts  o f  E. c o l i  h av e  
c o n f irm e d  th e  im p o rta n c e  o f  f a t t y  a c id s  i n  a d j u s t i n g  th e  membrane l i p i d  
c o m p o s it io n  o f  t h i s  o rg a n ism  to  an  a p p r o p r i a t e  l e v e l  o f  f l u i d i t y  com­
p a t i b l e  w ith  v a r io u s  membrane f u n c t io n s  (1 4 , 3 6 ) .  E. c o l i  m u ta n ts  
u n a b le  to  s y n th e s i z e  u n s a tu r a te d  f a t t y  a c id s  e x h i b i t  im p a irm e n ts  i n  
g ro w th , some t r a n s p o r t  s y s te m s , a d e c r e a s e  i n  th e  a c t i v i t y  o f  a  num ber 
o f membrane a s s o c ia te d  enzym es, and a  re d u c e d  p e r m e a b i l i ty  to  c e r t a i n  
m o le c u le s .
I n  o r d e r  to  r e l a t e  th e  ch an g es  i n  f a t t y  a c id  c o m p o s it io n  i n  Y.
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e n t e r o c o l i t l c a  t o  th e  p h y s i c a l  s t a t e  and f l u i d i t y  o f  membrane l i p i d s  i n  
t h i s  o rg a n is m , l i p i d  b i l a y e r s  p re p a re d  from  m em branes and t o t a l  l i p i d  
e x t r a c t i o n s  from  c e l l s  grown a t  5°C , 22°C , and  37°C w ere a n a ly z e d  by 
DSC. The r e s u l t s  i n d i c a t e d  th e  p r e s e n c e  o f  r e v e r s i b l e  e n d o th e rm ie  
t r a n s i t i o n s  i n  th e s e  p r e p a r a t i o n s .  T h ese  t r a n s i t i o n s  h av e  b e e n  p re v ­
i o u s l y  i n t e r p r e t e d  a s  p h ase  c h a n g e s  and c o r re s p o n d  to  a  ch an g e  from  
h e x a g o n a l p a c k in g  o f  th e  h y d ro c a rb o n  c h a in s  i n  th e  l i p i d  b i l a y e r  to  a 
l i q u i d  c r y s t a l l i n e - l i k e  s t r u c t u r e  (2 2 , 2 3 , 4 7 ) .  The ch an g e  i n  th e  
p a c k in g  o f  th e  h y d ro c a rb o n  c h a in s  i n  l i p i d s  i s  b ro u g h t a b o u t  by th e  
th e rm a l ly  in d u c e d  c o o p e r a t iv e  m e l t in g  o f th e  f a t t y  a c id  a c y l  g ro u p s  
w i th in  th e  i n t e r i o r  o f  th e  b i l a y e r  ( 7 6 ) .
The s i g n i f i c a n c e  o f t h e  p h a se  t r a n s i t i o n s  d e te c te d  i n  membrane 
l i p i d s  h av e  b een  th e  s u b j e c t  o f  num erous i n v e s t i g a t i o n s  s i n c e  S te im  and 
h i s  c o -w o rk e rs  d e m o n s tra te d  t h e i r  e x i s t e n c e  i n  l i p i d  b i l a y e r s  u s in g  DSC 
(7 6 ) .  A num ber o f  th e s e  i n v e s t i g a t i o n s  in v o lv e d  th e  r e l a t i o n s h i p  
b e tw e en  th e s e  t r a n s i t i o n s ,  th e  p h y s i c a l  s t a t e  and f l u i d i t y  o f  membrane 
l i p i d s ,  and th e  v a r io u s  mem brane f u n c t io n s  (1 7 , 3 8 , 44 , 4 5 , 4 6 , 6 4 , 7 1 ) .  
The r e s u l t s  o f  th e s e  i n v e s t i g a t i o n s  a r e  sum m arized a s  f o l l o w s :  (1 ) i n
g e n e r a l ,  o rg a n ism s  grow a t  a  te m p e r a tu r e  c h a t  l i e s  w i th in  th e  ra n g e  o f  
th e  t r a n s i t i o n  o r  a t  a  te m p e r a tu r e  t h a t  c o n in c id e s  w ith  i t s  u p p e r  end 
b u t  t h e  p h a se  t r a n s i t i o n  may be d e t e c t e d  a t  a c o n s id e r a b ly  lo w e r tem p­
e r a t u r e  th a n  th e  g ro w th  te m p e r a tu r e  (2 ,  3 6 , 4 6 , 7 7 ) ;  (2 )  th e  p r e s e n c e
o f  c h o l e s t e r o l  may a b o l i s h  o r  s h i f t  downward th e  te m p e ra tu re  a t  w hich  
th e  t r a n s i t i o n  o c c u r s  (1 8 , 5 9 ) ;  (3 ) i t  i s  e s t im a te d  t h a t  70 to  90% o f  
th e  membrane l i p i d s  a r e  in v o lv e d  i n  t h i s  t r a n s i t i o n  (2 , 5 , 2 3 , 4 5 ) ;  (4 ) 
th e  p r o t e i n  c o n s t i t u e n t s  o f  b iom em branes a r e  n o t in v o lv e d  i n  t h i s
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t r a n s i t i o n  a n d , t h e r e f o r e ,  th e  t r a n s i t i o n  r e p r e s e n t s  e x c lu s iv e ly  a  l i p i d  
phenom enon (2 ,  2 9 , 3 0 , 4 2 ) ;  (5 )  c h a n g es  in  th e  f a t t y  a c id  c o m p o s it io n
o f  membrane l i p i d s  s e r v e  to  s h i f t  t h e  te m p e ra tu re  a t  w h ich  th e  t r a n s i ­
t i o n  o c c u rs  so  t h a t  g ro w th  i s  o b s e rv e d  a t  a te m p e ra tu re  t h a t  c o in c id e s  
w ith  o r  i s  g r e a t e r  th a n  th e  te m p e r a tu re  o f  th e  m id p o in t (Tm) o f  th e  
t r a n s i t i o n  (4 6 , 4 7 ) ;  (6 ) th e  p h a se  t r a n s i t i o n  may e x e r t  an  i n f lu e n c e  on
th e  c a t a l y t i c  a c t i v i t y  o f  membrane a s s o c ia te d  p r o t e i n s  and may a l s o  
in f lu e n c e  p r o t e i n s  in v o lv e d  i n  v a r io u s  t r a n s p o r t  sy s te m s  (1 7 , 38 , 64,
71 , 7 4 ) ;  (7 ) th e  p e r m e a b i l i t y  o f i n t a c t  c e l l s  i s  c l o s e l y  c o r r e l a t e d  to  
th e  f l u i d i t y  o f  th e  m em brane l i p i d s  a s  m easu red  by t h e i r  p h a se  t r a n ­
s i t i o n  te m p e ra tu re  (4 4 , 7 4 ) ;  (8 ) th e  u p p e r  b o u n d ary  o f  th e  p h a s e  t r a n s i t i o n
(T l)  d o es  n o t  d e f in e  th e  maximum gro w th  te m p e ra tu re  o f an  o rg a n ism  s i n c e  
g ro w th  may o c c u r  above t h i s  t e m p e r a tu r e ,  a n d , s i m i l a r l y ,  th e  lo w er 
b o u n d a ry  o f  th e  p h a se  t r a n s i t i o n  (T s) d o es  n o t d e te rm in e  th e  minimum 
gro w th  te m p e ra tu re  o f  an  o rg a n ism  s in c e  c e l l  g row th  c e a s e s  a t  a  p o in t  
w e l l  ab o v e  t h i s  te m p e ra tu re  ( 4 6 ) ;  (9 )  th e  p h a se  t r a n s i t i o n s  t h a t  a r e
d e te c te d  i n  hom ogeneous l i p i d  b i l a y e r s  a r e  s h a r p e r  and o c c u r  o v e r  a 
n a r ro w e r  te m p e ra tu re  ra n g e  th a n  th o s e  d e t e c t e d  in  h e te ro g e n e o u s  l i p i d  
b i l a y e r s  (1 4 , 4 1 , 5 9 ) .
A common f e a t u r e  o f  th e  p h ase  t r a n s i t i o n s  d e te c te d  in  Y. e n t e r -  
o c o l i t i c a  was t h a t  th e y  o c c u r re d  a t  a  te m p e ra tu re  c o n s id e r a b ly  lo w er 
th a n  th e  g ro w th  te m p e ra tu re  o f  th e  c u l t u r e s  from  w hich  th e y  w ere  d e r iv e d .  
T h is  s u g g e s te d  t h a t  t h i s  o rg a n ism  c o n ta in e d  a l l  o f  i t s  l i p i d s  i n  a 
l i q u i d - c r y s t a l l i n e  s t a t e  and a s  a r e s u l t  m a in ta in e d  a  f l u i d  membrane 
o v e r  th e  w ide ra n g e  o f  g ro w th  te m p e r a tu r e s  s tu d i e d .
The p h ase  t r a n s i t i o n s  d e t e c t e d  in  c e l l  membrane p r e p a r a t i o n s  o f
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t h i s  o rg an ism  o c c u r re d  o v e r  a  b ro a d e r  ra n g e  o f  te m p e r a tu re s  (-2 9 °C  t o  8 °  
C) (F ig .  7) th a n  th o s e  o f  sam p le s  d e r iv e d  from  t o t a l  l i p i d  e x t r a c t i o n s  
o f  th e  same c u l t u r e s  (-1 8 °C  to  8°C) (F ig .  6 ) .  T hese  t r a n s i t i o n s  a l s o  
la c k e d  th e  s h a rp n e s s  d e t e c t e d  i n  th e  l a t t e r  p r e p a r a t i o n s .
The m id p o in ts  (Tm) o f  th e  t r a n s i t i o n s  in  c e l l  membrane p r e p a r a t i o n s  
d e r iv e d  from  c e l l s  grown a t  5°C and 22°C w ere  d e te c te d  a t  te m p e r a tu r e s  
lo w er th a n  th o s e  s e e n  in  t o t a l  l i p i d  e x t r a c t i o n s  from  th e  same c u l t u r e s .  
I n  c e l l  membrane p r e p a r a t i o n s  and t o t a l  l i p i d  e x t r a c t i o n s  p re p a re d  from  
37°C c u l t u r e s ,  th e  m id p o in ts  (Tm) o f  th e  p h a se  t r a n s i t i o n s  c o in c id e d .
The r e s u l t s  f o r  5°C and 22°C sam p les  w ere  u n l i k e  th o s e  r e p o r te d  f o r  
o th e r  o rg a n ism s  s tu d ie d  w here th e  m id p o in ts  (Tm) o f  th e  p h a se  t r a n ­
s i t i o n s  i n  c e l l  membrane p r e p a r a t i o n s  and t o t a l  l i p i d  e x t r a c t i o n s  from  
c u l t u r e s  grown a t  th e  same te m p e ra tu re  c o in c id e d .  The above  d i f f e r e n c e s  
i n  th e  m id p o in ts  (Tm) o f  th e  p h a se  t r a n s i t i o n s  m ig h t b e  due to  h y d ro -  
p h o b ic  l i p i d - p r o t e i n  i n t e r a c t i o n s .  Such i n t e r a c t i o n s  w ere shown in  
m odel sy s tem s  to  d e c r e a s e  th e  c o o p e r a t i v i t y  o f  th e  l i p i d - l i p i d  f a t t y  
a c y l  c h a in s  and th u s  te n d  to  lo w er and b ro a d e n  th e  l i q u id  to  l i q u i d -  
c r y s t a l l i n e  m embrane l i p i d  p h ase  t r a n s i t i o n s  (2 ,  5 , 4 5 , 4 6 , 7 6 ) .  T h is  
m ig h t s u g g e s t  t h a t  i n  Y. e n t e r o c o l i t i c a  c e l l s  grown a t  5°C and 22°C , 
h y d ro p h o b ic  l i p i d - p r o t e i n  i n t e r a c t i o n s  w ere  m ore p ronounced  th a n  in  37 C 
c e l l s  w here  t h e s e  i n t e r a c t i o n s  had no e f f e c t  on  th e  m id p o in t  (Tm) o f  
th e  p h ase  t r a n s i t i o n s .  As a  r e s u l t ,  th e  p h a se  t r a n s i t i o n s  o b se rv e d  in  
p r e p a r a t i o n s  from  5°C and 22°C in v o lv e d  a  lo w er p e r c e n ta g e  o f  th e  t o t a l  
membrane l i p i d  c o m p o s it io n  o f  t h i s  o rg a n ism . T h is  would s u g g e s t  t h a t  a t  
37°C a  g r e a t e r  am ount o f  th e  membrane l i p i d s  in  t h i s  o rg a n ism  w ere in  
th e  b i l a y e r  a r ra n g e m e n t a s  com pared w ith  th e  membrane l i p i d s  o f  5 C
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and 22°C c e l l s .
The r e s u l t s  o b ta in e d  from  th e  a n a l y s i s  o f  f a t t y  a c id  c o m p o s it io n  
and o f  l i p i d  p h a s e  t r a n s i t i o n s  i n  t o t a l  l i p i d  e x t r a c t i o n s  and  c e l l  
membrane p r e p a r a t i o n s  o f  e n t e r o c o l i t i c a  le d  u s  to  th e  c o n c lu s io n  
t h a t  th e  ch a n g e s  n o te d  in  f a t t y  a c id  c o m p o s i t io n  i n  t h i s  o rg a n ism  w ere  
n o t  r e q u i r e d  p r i m a r i l y  to  m a in ta in  th e  f l u i d i t y  o f th e  mem brane l i p i d s  
i n  t h i s  o rg a n is m . T h is  c o n c lu s io n  was b a se d  on th e  o b s e r v a t io n  t h a t  th e  
t r a n s i t i o n s  i n  c e l l  membrane p r e p a r a t i o n s  and t o t a l  l i p i d  e x t r a c t i o n s  
from  37°C c u l t u r e s  w ere d e t e c t e d  a t  t e m p e r a tu r e s  w e ll  below  t h i s  tem p­
e r a t u r e .  T h e r e f o r e ,  when th e s e  c e l l s  w ere s h i f t e d  to  22°C , Y. e n t e r o c o l i t i c a  
s t i l l  c o n ta in e d  an e n t i r e l y  f l u i d  membrane a t  t h i s  te m p e r a tu r e .  Thus 
th e  c h a n g es  o b s e rv e d  in  th e  f a t t y  a c id  c o m p o s itio n  o f t h i s  o rg a n ism  w ere  
n o t  n e c e s s a r y  to  m a in ta in  th e  f l u i d i t y  o f membrane l i p i d s  a f t e r  th e  
s h i f t  to  22°C . S im i l a r l y ,  th e  c h a n g es  in  f a t t y  a c id  c o m p o s it io n  o b se rv e d  
in  5°C c e l l s  w ere  n o t  r e q u i r e d  to  r e a d j u s t  th e  f l u i d i t y  o f  th e  membrane 
l i p i d s  i n  r e s p o n s e  to  th e  d e c r e a s e  i n  g ro w th  te m p e ra tu re  s in c e  th e  p h ase  
t r a n s i t i o n s  i n d i c a t e d  t h a t  th e s e  l i p i d s  a l r e a d y  e x i s t e d  n e a r ly  e n t i r e l y  
in  a l i q u i d - c r y s t a l l i n e  ( f l u i d )  s t a t e .  T h ese  r e s u l t s  s u p p o r t  e a r l i e r  
f in d in g s  by M arr and Ingraham  who r e p o r te d  t h a t  E . c o l i  d id  grow w ith o u t  
a r e a d ju s tm e n t  i n  i t s  membrane l i p i d  f a t t y  a c id s  fo l lo w in g  a  s h i f t  down 
in  g ro w th  te m p e r a tu r e .  T h is  w ould seem to  s u g g e s t  t h a t  th e  ch a n g es  
o b se rv e d  i n  th e  f a t t y  a c id s  o f  membrane l i p i d s  o f an o rg a n ism  i n  r e s ­
p onse  to  a  ch an g e  in  g ro w th  te m p e r a tu re  may h av e  a d i f f e r e n t  r o l e  th a n  
m a in ta in in g  th e  l i q u i d - c r y s t a l l i n e  s t a t e .  Thus th e  ch a n g e s  o b s e rv e d  in  
Y. e n t e r o c o l i t i c a  m ig h t b e  need ed  f o r  some o th e r  membrane f u n c t i o n .
C e l l  p e r m e a b i l i t y ,  t r a n s p o r t ,  a c t i v i t y  of membrane associated enzym es.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
43
and p o s s i b ly  o t h e r  fo rm s o f l i p o p r o t e i n  i n t e r a c t i o n s  m ig h t r e q u i r e  su ch  
c h a n g e s .
A p o s s i b le  e x p la n a t io n  t h a t  r e l a t e s  th e  l i p i d  p h ase  t r a n s i t i o n s  to  
t h e  ch a n g e s  i n  th e  f a t t y  a c id  c o m p o s it io n  o f  membrane l i p i d s  i n  Ŷ . 
e n t e r o c o l i t i c a  i n  r e s p o n s e  to  g ro w th  t e m p e r a tu r e ,  i s  t h a t  th e s e  ch a n g e s  
a r e  r e q u i r e d  f o r  r e g u l a t i n g  p e r m e a b i l i t y  i n  t h i s  o rg a n ism . S u p p o rt f o r  
t h i s  e x p la n a t io n  comes from  s t u d i e s  i n  E. c o l i  and A. l a i d l a v i i  w here  
p h a se  t r a n s i t i o n s  had a  p ro fo u n d  e f f e c t  on th e  s t a b i l i t y  and p e rm e a - 
o b i l i t y  o f  c e l l  membrane and l i p i d  d i s p e r s i o n s  p re p a re d  from  th e  mem­
b ra n e s  o f  t h e s e  o rg a n ism s  (4 4 , 4 5 , 6 4 , 7 6 ) .  As se e n  in  th e s e  o rg a n ism s  
th e  i n c o r p o r a t i o n  a n d /o r  s y n t h e s i s  o f  lo n g  c h a in  s a t u r a t e d  f a t t y  a c id s  
r e s u l t e d  i n  th e  fo rm a tio n  o f  a  t i g h t l y  pack ed  membrane l i p i d  b i l a y e r .
T h is  b i l a y e r  was c h a r a c te r i z e d  by re d u c e d  p e r m e a b i l i ty  to  n o n e l e c t r o l y s e s ;  
w h e re a s  th e  in c o r p o r a t io n  a n d /o r  s y n t h e s i s  o f  u n s a t u r a te d ,  b ra n c h e d , 
c y c lo p ro p a n e ,  a n d /o r  s h o r t  c h a in  s a t u r a t e d  f a t t y  a c id s  d id  n o t  r e s u l t  i n  
a  t i g h t l y  pack ed  membrane l i p i d  b i l a y e r .  T h is  r e s u l t e d  i n  g r e a t e r  
p e r m e a b i l i t y  o f  th e  b i l a y e r  to  n o n e l e c t r o l y t e s .  I t  was a l s o  r e p o r t e d  
t h a t  a t  any  f ix e d  te m p e r a tu re  p e r m e a b i l i t y  to  n o n e l e c t r o l y t e s  was 
g r e a t e r  w ith  m em branes t h a t  h av e  a  lo w er t r a n s i t i o n  te m p e ra tu re  ( 4 4 ) .
T h is  may e x p la in  why th e  t r a n s i t i o n s  d e t e c t e d  in  p r e p a r a t i o n s  from  Y. 
e n t e r o c o l i t i c a  c e l l s  w ere a t  a c o n s id e r a b ly  low er te m p e ra tu re  th a n  t h a t  
o f  g ro w th . T h is  may a l s o  e x p la in  th e  need  f o r  th e  ch an g es  i n  th e  f a t t y  
a c id  c o m p o s it io n  o f  membrane l i p i d s  i n  t h i s  o rg a n ism . The u l t i m a t e  
p ro o f  f o r  t h i s  may b e  f u r n is h e d  by a  s tu d y  o f  th e  p e r m a b i l i ty  o f  mem­
b ra n e  l i p i d  p r e p a r a t i o n s  from  Y. e n t e r o c o l i t i c a  c e l l s  grown a t  v a r io u s  
te m p e r a tu r e s  to  n o n e l e c t r o l y t e s .
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A n o th e r  i n t e r e s t i n g  e x p la n a t io n  h a s  been  r e c e n t l y  s u g g e s te d  by 
Ja c k so n  and  C ronan (36 ) . T h ese  w o rk e rs  o b s e rv e d  t h a t  i n  E. c o l i  grown 
a t  25°C and  37°C , th e  u p p e r b o u n d a ry  o f  th e  p h ase  t r a n s i t i o n s  d e t e c t e d  
i n  l i p i d  b i l a y e r s  from  th e s e  c u l t u r e s  g ro w th  te m p e ra tu re  by m ore th a n  
10°C . As a r e s u l t  th e y  s u g g e s te d  t h a t  c o l i  m ig h t r e q u i r e  a  f l u i d  
membrane a t  te m p e r a tu r e s  lo w er th a n  i t s  g ro w th  te m p e ra tu re  a s  a p r o t e c ­
t i v e  m echanism  from  su d d en  te m p e r a tu r e  d e c r e a s e s .  C ronan e t  a l .  (14) 
re a c h e d  a s i m i l a r  c o n c lu s io n  i n  an  e a r l i e r  s tu d y  o f  E. c o l i  m em brane 
l i p i d s .  T h ese  membrane l i p i d s  w ere  d e m o n s tra te d  t o  c o n ta in  a  g r e a t e r  
p r o p o r t io n  o f  u n s a tu r a te d  f a t t y  a c id s  th a n  was need ed  f o r  th e  n o rm al 
g row th  o f  t h i s  o rg a n ism , and a s  a  r e s u l t ,  E. c o l i  had a m ore f l u i d  
membrane th a n  i t  r e q u i r e d  f o r  n o rm al g ro w th . T h is  e x c e s s  i n  f l u i d i t y ,  
th ey  s u g g e s te d ,  was need ed  f o r  e n v iro n m e n ta l  a d a p ta t io n  (14 ) . S in c e  Y. 
e n t e r o c o l i t i c a  h a s  b een  r e p o r te d  to  b e  w id e ly  d i s t r i b u t e d  i n  n a tu r e  and 
can  grow w e l l  a t  te m p e r a tu r e s  lo w er th a n  5°C, p e rh a p s  th e  b ro a d  ra n g e  o f 
te m p e r a tu r e s  o v e r  w hich  i t  c o n ta in s  a  f l u i d  membrane may h av e  a  s i m i l a r  
s u r v i v a l  v a lu e  f o r  t h i s  o rg a n is m .
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SUMMARY
The in v o lv e m e n t o f  membrane l i p i d  c o m p o s it io n  o f  Y e r s in ia  
e n t e r o c o l i t i c a  i n  th e  w ide ra n g e  o f  te m p e ra tu re  a c c l i m a t i z a t i o n  o f  t h i s  
o rg a n ism  was s tu d i e d .  T o ta l  l i p i d  e x t r a c t i o n s  from  c e l l s  grown a t  5°C , 
22°C , and 37°C w ere  a n a ly z e d  f o r  p h o s p h o l ip id  h ead  g ro u p s  and f o r  f a t t y  
a c id  c o m p o s i t io n .  D is p e r s io n s  o f  t o t a l  l i p i d  e x t r a c t i o n s  and  c e l l  
membrane p r e p a r a t i o n s  from  th e  same c u l t u r e s  w ere a n a ly z e d  by d i f f e r ­
e n t i a l  s c a n n in g  c a lo r im e t r y .
1 . The r e s u l t s  o f  p h o s p h o l ip id  head  g ro u p  a n a ly s i s  i n d i c a t e d  
t h a t  th e  c o n c e n t r a t i o n s  o f th e  m a jo r p h o s p h o l ip id  h ead  g ro u p s  
d e t e c t e d  (PE , CL, PG) i n  Y e r s in ia  e n t e r o c o l i t i c a  d id  n o t  
ch an g e  i n  r e s p o n s e  to  ch a n g es  in  g ro w th  te m p e r a tu r e .  T h is  
s u g g e s te d  t h a t  th e  p h o s p h o l ip id  h ead  g ro u p s  w ere  n o t  i n ­
v o lv e d  i n  r e g u l a t i n g  membrane f l u i d i t y  i n  t h i s  o rg a n ism
o v e r  th e  w ide ra n g e  o f te m p e ra tu re s  s tu d i e d .
2 . The r e s u l t s  o f  f a t t y  a c id  c o m p o s it io n  a n a l y s i s  i n d i c a t e d  
t h a t  Y. e n t e r o c o l i t i c a  ch an g es  i t s  f a t t y  a c id  c o m p o s it io n  
i n  r e s p o n s e  to  ch an g es  in  g row th  te m p e r a tu re .  The ch an g es  
t h a t  w ere d e t e c t e d  fo llo w e d  a p a t t e r n  t y p i c a l  o f  o th e r  
b a c t e r i a  w h ich  h av e  b een  s tu d ie d  and s u g g e s te d  t h a t  th e  
f a t t y  a c id s  w ere  in v o lv e d  i n  a d a p t in g  t h i s  o rg a n ism  f o r  
g ro w th  o v e r  th e  w ide ra n g e  o f  t e m p e r a tu r e s  s t u d i e d .
3 . D i f f e r e n t i a l  s c a n n in g  c a lo r im e t r y  (DSC) a n a ly s i s  o f
45
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c e l l  membrane p r e p a r a t i o n s  o f  s u s p e n s io n s  o f  p u re  l i p i d  
e x t r a c t e d  from  Y e r s in ia  e n t e r o c o l i t i c a  i n d i c a t e d  th e  
e x i s t e n c e  o f  r e v e r s i b l e  th e rm o tro p ic  g e l  to  l i q u i d -  
c r y s t a l l i n e  l i p i d  p h ase  t r a n s i t i o n s .  T hese  t r a n s i t i o n s  
w ere  a l l  w e l l  below  th e  te m p e ra tu re  o f  g row th  o f  th e  
c e l l s  from  w hich  th e y  w ere e x t r a c t e d .  T h is  s u g g e s te d  t h a t  
Y. e n t e r o c o l i t i c a  had  a f l u i d  membrane a t  th e  v a r io u s  
te m p e r a tu r e s  o f  g row th  s tu d i e d .
4 . The r e s u l t s  o f  f a t t y  a c id  c o m p o s it io n  a n a ly s i s  and  DSC o f 
t o t a l  l i p i d  e x t r a c t i o n s  and c e l l  membrane p r e p a r a t i o n s  o f  
Y. e n t e r o c o l i t i c a  i n d i c a t e d  t h a t  th e  ch an g es  i n  f a t t y  a c id s  
o f  t h i s  o rg a n ism  w ere  n o t  r e q u i r e d  p r im a r i l y  to  r e g u l a t e  th e  
f l u i d i t y  o f  membrane l i p i d s  o f  t h i s  o rg a n ism . T h ese  ch a n g es  
w ere p o s s ib ly  r e q u i r e d  f o r  some o t h e r  membrane f u n c t i o n .
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